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THE WHITE HOUSE 


WASHINGTON 


April 23, 1990 


I am delighted to extend warm greetings and 
congratulations to all those involved with the 
United States - Japan Cooperative Medical Science 
Program on the occasion of its 25th anniversary. 


This program stands today as a shining example of 
the remarkable accomplishments that are possible 
when two nations join together in a common 
endeavor. 


Established in 1965 by President Johnson and Prime 
Minister Sato, this research program has done an 
outstanding job of uniting biomedical scientists 
from both countries in a concerted effort to 
eliminate widespread disease in Asia. 


The research of many talented scientists has 
resulted in significant contributions to this 
joint endeavor. For example, scientific knowledge 
of practical importance has been produced to fight 
such devastating problems as AIDS, cholera, hepa- 
titis, parasitic diseases, viral diseases, and 
malnutrition. 


I look forward to the continued success of this 
flourishing science program. Barbara joins me in 
sending best wishes for every future success. God 


Bake 


bless you. 











OFFICE OF THE PRIME MINISTER 
TOKYO 


MESSAGE FOR 
THE U.S.-JAPAN COOPERATIVE MEDICAL SCIENCE PROCRAM 


On behalf of the Government and people of Japan, I 
would like to extend our heartfelt congratulations on the 
25th anniversary of the U.S.-Japan Cooperative Medical 
Science Program, which has been growing while expanding 
its study fields to meet with the requirements of the 
times sirce its establishment in 1965 in accordance with 
the Joint Communique between President Johnson and Prime 
Minister Sato. 


This program, participated by a number of leading 
medical scientists from both countries, has contributed to 
the improved human health not only in Asia but also in the 
entire world by making a constant progress towards its 
worthy cause of eliminating diseases prevailing in Asia. 


The publication of the program's Fifth Five-Year 
Report will provide a good opportunity for sharing the 
program's major achievements over the past twenty-five 
years with a large number of people. I believe the report 
will receive a wide public admiration. 


Such admiration to these achievements is to be 
accredited to those who have devoted themselves to this 
program, to which I wish to express my deepest gratitude 
and respect. Such achievements also represent examples of 
the fruit of close cooperation between our two nations for 
the greater prosperity and well-being of the entire world. 


I am, therefore, very proud to note that this 
splendid program between our two nations has been carried 
out so successfully for as long as a quarter of a century. 
I am confident that it will continuously play a valuable 
role in advancing welfare of all mankind. 


Toshiki Kaifu 
Prime Minister of Japan 














iv 


CONTENTS 


Page 
PRD cicensapcieesiensicniscsnechernsiiosnenscrninceiseemneneienmesiesbieieseinscaebdinebainnasbensetibedaiaivahiansneendscmanpiapmiaaniineniadanin v 
a vil 
ee SE GION cococsnsecserosnussenssnzesnesnenenesnescnssnesssnensnscsensnnenesounsseseusannesseussesessesees ix 
PEE GREET WEI cxcecsncscnssetnsccccnsennecentannsenenesnestsenvensessnensnensunsniatnsessnsievsesunanenseaeen xiii 
Ss Cin SURES GUUUEITIIUD cocncecccnsensenesocsseencesenssnsssesscssssnessssssenneseneevescasunessavencusessnassens xv 
III eonnceencncnncnsnsnsssesecsemssntsenservenesencesemnedensnehetenmentnnmnenebneneninennbnententeennnineemnente XViii 
BR GIN EEIIIITTIEOED coccunssnsanenescesensncnssecnsontsesnessesensneneesessennnsssevenessonsssenesnensesenenensssonessasessanesseossees xx 
FO ED cccennececscnssesessssecnsecnsssescnsenensnsenesnenemnestansnensnsenssesseneenenessesessesesenssstscesenssentess xxiii 
FIIETITIITIIID cucstntinsennanponzecnaneresesesesesennenceeenesessenersbessonnensenusbenaiensenenetenesssnuneensenesscnenesneenssennscnesnennen l 
SI GED SEIIOIINT cxcecesssnsserscesenesnssonnvsssssnnssnenseneusrsesensenssenssnsnsenavanstoensentneisesnescsnsessseesees l 
CEs Ge FI CO IEIIOD cxczcesceccnczessescsssscsessesnsesnensescneneneceesensossensensesnscenenensesessnscsnens l 
EDD conssnncssssnsssasemneninnnsnennnennsnensnentenenemmnsenesesnenenenssennmnnsnnenessensanenesneneants ene 3 
ey Ge ee CIE cecnesecrescescazsesesnensseenevsenessnnsssenseesansseneeesensenqseseenennesenenssenenevecseccsennesses 4 
FEI TEI TIN cccncencccnsneceneetsensnenennsnineensensonnirstnmnentanebeeneteeeenaennneneteennbennenebnessesseetnaneneneseenseseonnent 4 
TIEEEIIIETEIID cocescnccssenscesenssnsenssesnsecuscsessasnunenennnsnsesssunenensounnesennensseeseueusesesnnnsequessseeesenenseneinesend 4 
WHIEEPEEETIIEND cacnnsccccesesssseiinnnsnesnssnnsteesedeczssiunneneesesssnreradeeisensepeensesesnsnaabeceneenenisedetbosenbensecsenes 5 
FOES SPEIIUIIOID cocecsccsrsscoesezssnssenscsnssnesereesesnseennsssmsenenemesennenenennanennanavennenqutesenntennntnaseasiast 6 
EIT cncscasssssunsescsnsesnssnsessesncesnsescnvenenseenensncsnmnnensassianeenennenanensennesensntnsnnenssnansnsssssennentenseeest 8 
III ccicsssnsonssecsneesessesessennesecnsendedenensnsinnnabscseneentscdsepseuciasscsensseeneneinusesmnaneiensienstanaeumest 9 
Research Reports 
Panels 
Acquired Immunodeficiency Syndrome ................000seeceesseeseesseeereeeeneneesensereeeneeseneeeeesenees 11 
SEIU ceanoneennsnirepcieieceenibseeniieressiannemeneseemnnininnenteienstannceniemenansinataianeneenseammntngnenaninimnnidiiainatn 34 
Environmental Mutagenesis and Carcim0genesis....................0cseeseeeeeneeeennenennenneneonensenes 69 
SEEIREEEEED cocnssscececsecocseresvessensssencnensesezeensnenensennenanesnesensonensseenanses enassenanssnesensensssesesnesesesnenenenect 94 
EIEN concscecomerusesenscessasenninsnenennesterenenennenmessssenineieeinemisenenindomnseenenneinnnneinneiemenetin 142 
TEEUTIIEIIIIID cincacsiocnnssunsistessesennentesusesenseciensbtioevenensnsenansuensenaheseseteessesennipesenninmessnesnmanstensnien 172 
Re 200 
TIED cocssncesnecesenssseussssncnznssennenssesenen aeeneuesbinenesennnesennetenninsennnemeneniametnaneenanatenn 263 
WHEE SEITE <coceccsnscvesneresssecnsnececcnebusesssnesnsessuntenessedennnseniunnnsiannenemosensentsenussenssesssntesenensins 288 
Board 
SOD cxcsvescsssessssesscieiceenssnsenesecineeismenesenaenineneeemetnatnnmamennnen 123 








PREFACE 


There are several very cogent reasons for the U.S.-Japan Cooperative Medical Science 
Program having successfully reached its 2Sth anniversary. Seldom are government-spon- 
sored programs able to achieve such a sustained penod of productivity. This is true 
particularly of those that are international or binational im their organizational structure. 

The U.S.-Japan Program was based on a firm foundation that was practically as solid 
as rock. It was conceived on the noble premise of helping improve the health and living 
standards of the impoverished and those in need in Asian countries. It was the Lord 
Buddha who professed that ‘freedom from disease is the first blessing.’" Perhaps the 
second blessing might be freedom from hunger and, incidentally, the U.S.-Japan Program 
has addressed itself to the problem of nutrition. 

Any venture, regardless of its nature, is no better than the people who are responsible 
for its conduct. Leadership and wise and careful planning are really the trademarks of 
this remarkable effort in preventive and curative medicine that now extends over many 
years. Each of the two countries, Japan and the United States, selected the very best 
persons available to assume these heavy responsibilities. No better choices could have 
been made than Doctors MacLeod and Kurokawa and those who assisted them, to plan 
and devise the basic organizational and developmental plan. They and those to follow 
used objectivity, wisdom, and practical sense in selecting and recruiting the right, capable, 
and productive medical scientists to tackle problems of the utmost importance and com- 
plexity. 

Furthermore, in Japan and the United States, each national program was given the 
important presence and support of established agencies. In Japan, the Ministries of Health 
and Education and the National Institutes of Health were immediately involved and given 
responsibility for oversight. In the United States, the umbrella of the Department of State 
and the generous resources of the National Institutes of Health ensured success. 

Two simple criteria were on the side of success. One was NEED in the form of improved 
help, particularly for the impoverished. The second was a wholesome and intensive 
DESIRE on the part of these two great nations to help achieve this high aim. NEED and 
DESIRE were the essential ingredients. 

Within the organizational structure of the program a system of peer review was devised 
to ensure that research remains relevant to the overall mission of improved health care. 
Nothing has been static. Directives for specific panel research programs have been re- 
developed, modified, or completed. In some instances, entirely new specific objectives 
have been initiated through the organization of new panels. Changes have been made, 
not for the sake of change, but for more relevant approaches to problems as new tech- 
nologies have become available. 

This report represents 5 additional years of important medical progress under the 
U.S Japan Cooperative Medical Science Program, from 1985 to 1990. Also, it highlights 
the unique ‘‘FIRST™’ scientific achievements in any specific field to the medical literature 
and, hence, to medical practice. It is true that the research contributions of today become 
the standards of medical practice in just a few years. Additionally, in this Silver Anni- 
versary publication, many of those persons who made a singular contribution to the sum 
of activities are given brief but justified recognition. 

During its coming years, the future is bright in terms of productive relevant research. 
Much needs to be done. With solution of some problems new ones appear, the cycle is 
seldom complete. Better vaccines, newer concepts of biologic means of protection, and 
more advanced therapeutic regimens are always welcome. Improvement in these areas is 
essential if progress is to be made. New diseases or aberrant forms of older scourges 
occasionally pose threats when least expected 

The United States and Japan, with their combined efforts and positive action in this 
unique Program, have shown how the underprivileged public can benefit by enlightened 
binational interaction 


IVAN L. Bennett, Jr SHiro SOMEYA 
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In addition to the joint United States-Japan editonal effort that went into the drafting of 
this document, acknowledgment ts made of our extensive collaboration im the preparation 
of this scientific report to the 


NATIONAL INSTITUTE OF ALLERGY AND INFECTIOUS DISEASES 
NATIONAL INSTITUTES OF HEALTH 
PUBLIC HEALTH SERVICE 
DEPARTMENT OF HEALTH AND HUMAN SERVICES 














DEDICATION 


Norio Suwa. M.D. 





Lr Nor Suwa became a member of the Japanese Delegation of the { ~ 
Japan Cooperative Medical Science Program in 1974, and served as its Chairman 
from 1979 to 1987, succeeding Dr. Toshio Kurokawa. the first Chairman of the 
Japanese Delegation. Much scientific progress and major changes occurred in the 
Program durmg Dr. Suwa's chairmanship. As in most organizations, whenever 
new initiatives are proposed or changes m organizational structure are attempted 
many difficulties must be faced and overcome. By virtue of Dr. Suwa’'s broad 
perspectives on medical scrence and his practical approach, he was highly suc 
cessful in solving difficult problems. Under his excellent leadership, the Hepatitis 
Panels and Immunology Boards were added to the Program 

On occasion of the 2Sth Anniversary of the LS lapan ¢ ooperative Medical 
Science Program. we proudly dedicate this Fifth Five-Year Report to Dr. Norio 
Suwa 


it «s our sencere wish that Dr. Suwa will emov eood health. which he has 
regained followime mapor surgery. and will continue to contribute his sound advice 
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Profiles 


U.S. DELEGATION CHAIRMEN 


Dr. Colin M. MacLeod, Chairman 1965-1972 
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JAPANESE DELEGATION CHAIRMEN 


Dr. Toshio Kurokawa 
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Dr. Ivan L. Bennett. Jr. 
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Dr. Ivan Bennett chairs the 25th Meeting of the Joint Committee in Bethesda, 
Maryland, with Dr. Shiro Someya. 
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JOINT COMMUNIQUE 
PRESIDENT JOHNSON AND PRIME MINISTER SATO 
JANUARY 12 and 13, 1965 


President Johnson and Prime Minister Sato met in Washington on January |) and 13. 
1965S. to exchange views on the current international situation and matters of mutual 
interest to the United States and Japan. They were assisted by Secretary Rusk and Foreign 
Minister Shiina and Secretary-General Mik: of the Liberal Democratic Party 

The President and Prime Minister reviewed the present international situation and 
reaffirmed the partnership of the two countnes which grows out of common beliefs and 
the shared objective of a lasting peace based on justice. freedom and prosperity for all 
people. They expressed a firm determination that the two countnes should cooperate 
more closely in seeking this common objective. They agreed that for this purpose the 
two countnes should maintain the closest contact and consultation not only on problems 
lying between them but on problems affecting Asia and the world m general 

The President and the Prime Minister. recognizing the valuable role of the United 
Nations in the maintenance of the peace and prosperity of the world, exchanged frank 
views on the difficult questions now confronting the United Nations, and agreed to 
continued cooperative efforts to strengthen the functions of the United Nations and to 
enhance its authority. 


The President and the Prime Minister, mindful of the many areas of human health 
which are of great concern to all the peoples of Asia, agreed to undertake a greatly 
expanded program of cooperation m medical science with respect to such diseases as 
malaria, cholera, schistosomiasis, tuberculosis. and stomach cancer. in addition to co- 
operative efforts on problems of air pollution and pesticides. As a first step to implement 
the agreement, they agreed to convene a conference of the foremost medical scientists 
from the United States and Japan to work out the details of the new program fer discussion 
with other governments concerned 

The President and the Prime Minister expressed thei satisfaction with the meeting just 
held and their desire to continue to maintain close personal contact 
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The 24th Meeting of the Joint Committce was held in 
Tokyo in 1988. 





Dr. Theodore Woodward, a charter member 
of the Program, and Dr. Ear! Beck, NTH Sec- 
retariat, at the 1986 meeting held in Toyama, 
Japan. 


Dr. Colin MacLeod and Dr. Toshio 
Kurokawa, Chairmen of the U.S. and Japa- 
nese Delegations confer during the First 
Joint Committee Meeting in Honolulu, 1965. 








Japanese and American members of the Subcommittee on Pro- 
gram Review and Planning meet in Kona, Hawaii, in 1989. 
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Members of the Delegations at the 22nd Joint Com 
mittee Meeting in Tovama, Japan 
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Dr. David Rall (left), Dr. Donald Whedon, Dr. Robert Shape. Dr. Tadao Shimao and Dr. Takashi Sugimura confer during 
and Dr. Charles Carpenter of the U.S. Delegation during the the 1989 Joint Committee Meeting in Bethewta. Maryland 
Joiat Committee Meeting in Tovama, Japan, 1986 





Members of the Delegations relax in the Blue Ridge Mountains following a + isit 
to the University of Virginia Schaol of Medicine 





Dr. Toshiteuge Oda, Dr. Akira Ova, and Dr. Tadao 
Shimao enjoy the hospitality of the Woodwards, | 989 





Two boatioads of Delegates head for Parson's 
ideand, Marviand, as guests of Dr. and Virs 
Vi and ard follow ing the 1989 Joint Commit 
tee Meeting 
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adopted by the Jowt Commuttee at its sixth meeting. The Sec- 
ond Five-Year Report. 1970-1975. was accepted by the Jout 


ORGANIZATION AND HISTORY 





for collaborative research in 1966. research on mainutrinon 
was added. and 6 years later. in 1972. the Program was broad- 
ened to mchude imvestigafoms on environmental mutagenes:s 
and carcrnogenesis. In 1979. research on viral hepatites. a dis- 
ease of workdwide importance. was added. expanding the Pro- 
gram from seven to exght disease areas. This was not to be the 
last addon. hecause the Program continued to gain momen- 
tum and grow. In [98!. a decison was made to mclude im- 
munology as a mew research area. sence ot had direct apphcanon 
to most, if not all. the other exght arcas 

The Program was defined to operate within a Sulateral gov- 


mutual interest. Cooperation with the World Health Organ- 


scientists by the Japanese Government 

The Jowt Committee is expected to advise its respective 
governments on the scope. direchon. and other broad aspects 
of the program and to develop review procedures necessary to 
assure fulfillment of che obyectrves for wtach the Program was 


im this report. 

During the fifth 5 years of the Program. emphasis on col- 
laboraton between scientists of the two cowntnes resulted in 
mecteased participation and open discussion at the annual con- 
ferences and an enhancement of scientific progres The most 


sognificamt event was the recognition of the mmportance of Ac- 


and the first Jowt AIDS Conference was beld m 1988 


ACTIVITIES OF THE JOINT COMMITTEE 


During the fifth S-year penod. Jomt Commitice meetings 
continued to be held annually. aleernating between Japan and 
the Unsted States Meetings of the Jowt Subcommattee on Pro- 
gram Review and Planning were held m Hawan cach February 
and again just prior to the Jomt Commuttce meetings 

In 1985. the 2ist Jot Commitice meeting was held in 
Washington. D.C. im the Loy Henderson Conference Room. 
Department of State. A Fourth Five-Year Report, 1980-1985. 











describung the screamfic progress and admummtratve actrvimiecs 
of the US -Japan Program. was adopted and dedicated to Dr 
tvan L. Bennett. Ir. the Chairman of the US. Deiegamon and 
Dr Theodore E Woodward. who has teen a member of the 
US Deleganor ance the mcepnon of the Program Both were 
presemt to recerve tis special tribute from ther colleagues 
The Report sot only descnbed. m some detail. he rescarch 
actwites of the Pancis over the preceding § years but Snefly 
reviewed sagmificant accomplishments of the Program over the 
two decades of ms curstence 

The emerging threat of HTLV -Ill infecnon was discussed. 
and @ was suggested that the Jowmt Hepatite Panels comsader 
the imchesson of thes disease im ther guidelines 

Pror to the Jount Commattee meeting. a comprehensive Sym- 
posmum on Mainyutrmon was field at the Nanonal Institutes of 
Health on July 16-18 The sympossum was orgamzed along 


Program guidelines and served to sharpen and redirect the 
research actrvites of the Jot Mainutrinoa Panels The sym- 


postumn also served to mitate a vear of formal review of the 
Panels activities 

The 22d jout Committee Meeting was field July 24-25. 
1986. at the Towama Kenmun Kaskan. Tovama City. Japan 
Thes meeting. demg held outude of Tokyo. was orgamzed Dy 
Dr Manabe Sasa and endorsed by the Honmorae Yutaka Na- 
kaoki. Governor of Toyama Prefecture As customary. the 
Chairmen. or thew representatives. of the Panels Boards pre- 
sented summanzatons of the previous vear s research active 
bes Immediately preceding the Jount Commuttee Meeting. the 
Jount Cholera Panels and Jownt Immunology Boards held them 
annual conferences. m Tovama. summmanes of which were 
presented to the Jowunt Commuttce Stmmulating progress was 
reported om the control of cholera wsimg mactivated and genet- 
ically engmmeered live attenuated vaccines The immunology 
Boards focused on new immunologsx concepts and the rapadly 
improving techmecal procedures that wll not only assrst the 
Board mm reaching its goals but will also assist the Panels m 
pursust of ther work Toward thrs end. the Immunology Boards 
will meet jounthy with the Panels m future vears 

In the Five-Year Rewiew of the Malnutrinon Panels « was 
pownted owt that the cunk ‘ines had been revised and that th 
scientific programs were bete. -ocordimated and conducrve to 
future collaborative research 

The 234 Jot Committee Meeting was held July 23-24, 
1987. at the Nahonal Institutes of Health m Bethesda. Mary- 
land. The highlight of the meeting was an address by Dr 
Anthony S Fauci. Director of the National Institute of Allergy 
and Infectious Diseases and member of the US Delegation 
Dr. Fawct presented an lumenating review of the major aspects 
of Acquired Immunodeficiency Syndrome (AIDS) that was 
followed by discussion of proposed guadelones for new Panels 
on AIDS. After acceptance of the guidelines. the Jomt Com- 
mittee unanimously recommended that Jount Panels on AIDS 
be organized as soon as possible 

After hearing the reports of the Jount Panels Boards. the 
Commuttee was convinced that research progress had fecn 
sparked by the apphcanon of new technology to the solution 
of old problems The Commuttce was bkewrse pleased Dy the 
progress beimg made by the Cholera Panels and the Immunot- 
ogy Boards as indicated m the Five-Year Reviews. In wew 
of the sagnificance of diarrheal diseases other than cholera. 
research by the pancts mchuding new vaccine development has 
heen extended to other enteropathogenx bactenal charrheas 


To Detter mdhcate the scope of the panchs acthwites. the jowt 
Commuttee approved a chamge m te name we Choicra and 


The 24th Annual Meeting of the Jout Commuter «as feid 
at the Momestry of Health and Welfare m Tokvo. Japan. on july 
22 and 23. 1988 

On July 18-20. preceding the Jom Comenmtice Meeting. 


SuSMOR aNd INMON atVe suggesmors for the future 


The Five-Year Review Reports om Leprosy and Tubercubos:s 
were presented to the Jount Commattce The Leprosy Panels 
had made much progress durnmg the vears covered Dy the report 


work were presented to the Commufttee members who cupressed 
satisfachom with the continued research progress and the con- 


thawing apphcathon of new technology to the solunon of old 
Prodiems 











from penmata: infecbon. a rapidly mercaing mode of rans 
mason mm fe mmcr oty m [N drug urs and thew «xual 
partners The wtugbon om Japan stands in wcicome chet where 
He few bundred cases cupected m@ the acu few wears will be 
hemted S thew ecilorgamzed surveiilamce system and rap 
respomse t© contain HIN infecboms demved from cxipenence 
elsewhere | 

The Five-Year Review Reports on the Parasite Dexcancs and 
Val Deseases were presented w ot howmt Comeutice ft was 


reported that the symposmm. feild nm [983 had a profound 


on the progress evidenced Dy a pew rotavirws vaccime. a nove! 
approach to rakes vaccume wath a vaccima vector. and smear 
work wah Japanexe encephalms The hot Commuettce a- 
cepted the recommendamoms and Commended te Pamets for 


In July 1986. the Jount Commuttee adopted new gurde!ines 
for the Jount Mainutnnon Panets The previous and mew gundte 
tomes are listed Nelow 


JOINT PANELS ON MALNUTRITION 


United States-Japan (Cooperative 
Medical Science Program 








PREVIOUS 


The mainutniton program has the following five research 
otectives 


| influence of environmental and host factors on reguere- 
ment for health m Awan countnes 

2 Studhes of the health sagmficance of won defaoency and 
methods for its cradicaton 

3 Investigabon of the interacbons of nutmmar and infec. 
bow with special emphasis of the mechannms respon Me 
4 Determinator of the effects of nutrmon on phvecal and 
mental development. Nehavior, phywcal capatilty and work 
performance 

S$ Health consequences of different (and changing ) chetary 
Patterns and food hahets 


Thke~ guodchimes arc undicr actrvc rev non the hownt Pamets 
a” He one of pubhcauber of the Report 


JOINT PANELS ON MALNUTRITION 
United States-Japan ( ceperative 


NEW 


Ros rcogmved thal sutrben-rciuted Jreorder arc wmows 
promicrms wm Awa a well a offer parts of Me word Dunng 
a tewree of Ge . S Japan hort Malmutrmen Punchs. there 
eas a gradual Sul perocpnic weft on emphases &) imcrcasing 
aRerhon to sutrhemal Comcerms of thc meted States and lapan 
etch el!) wahscqucet!) ompact on Se sutmhona) protiems 0 
other countmes @ Awa OF parmcular concern « the bealth 
COmseguenees of dirferemt and shanging Jeetury paftticrm. and 
food Raters Dietary pafterm. have Seen rcoogmized a a CoM. 
imbutng vanadic or msk factor for a sumer of Chrome dis 
cases With the current influences Of he Westermved bet on 
food Rates on dapan cvdenee relating dctary Components © 
chrom dwea-s Mrough Sas, climeal and opadicrmaows a 
mveshgahom would Ne of great omportamee for Noth Countnes 
To accomplish thes task ft would Se of value to have omprowed 
measures of sutmbonal asscssmem wich may «<rve as prog. 
Rost umdhcators of the Realth Comscqgucmees Rath pownwe and 
segatve) of certum dhetary hates, The following areas have 
Been wWennfied for developing a collaborative research pro- 


gram 


| Health comsequemces of changing chetary patterm on 
health development of drncase and discus prevenbon 


A Patty ads metaholiwm including umsuturate”d tatty 
ads on chet and fealth 

B Bone discaxe i relamom w chet 

CC Effect of sulfur armme acuds 


2 Nutrinonal assessment 

+ Endogenous mechators of autmmonal metatobsm aot 
bemeted to mediators generated & inflammaton and intecnon 
But also medhators assocuated woth offer ymes of iscascs such 
as malignancies 


77MM 


The guadchnes tor the bmmunology Boards were revised it 
daly 1987. with the addimon of a rewarch arce for molecular 
genetics The previews and the new guidelines are presented 
Sclow 


JOINT IMMUNOLOGY BOARDS 


United States-Japan ( coperative 
Medical Science Program 


PREVIOUS 


Immunology has made raged advances or the last decade 
The recent intraducbon of tie tecfimagues of Somat cel! fy 
Snchzanon. molecular genet. and jomg-term Culture of om 
munccompetem cells to the study of the ommune wwiem fas 
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caused an unprecedented increase in our understanding of this 
field. Such progress in fundamental immunology has the po- 
tertial to revolutionize the diagnosis, treatment, and prevention 
of immunologic and infectious diseases, including those being 
studied under the auspices of the U.S.-Japan Cooperative Med- 
ical Science Program. 

A long-term objective of the Immunology Board is to study 
and elucidate the cellular and molecular mechanisms of the 
immune response and to define effective approaches for the 
manipulation of the immune system. 

In order to achieve these purposes, the Board will focus its 
concern on the following research areas: 


1. Molecular studies of the genetic organization of the 
lymphoid system. 

2. Cellular and molecular studies of lymphocyte activa- 
tion, proliferation, and differentiation. 

3. Immunogenetic approaches to the study of lymphocyte 
interactions, with emphasis on the role of histocompatibility 
gene products in the regulation of the immune response. 

4. Cellular and molecular studies of the regulation of the 
immune response, with emphasis on the role of histocompa- 
tibility gene products in the regulation of the immune response. 

5. Application of techniques for the development of stable 
cell lines and of somatic cell hybrids to the study of the reg- 
ulation of lymphocyte activation and function and to the prep- 
aration of monoclonal antibodies, lymphocyte receptors, and 
specific, as well as nonspecific lymphocyte products. 

6. Mechanisms to support the interaction of immunologists 
and the exchange of information and material between the two 
countries. 


JOINT IMMUNOLOGY BOARDS 
United States-Japan Cooperative 
Medical Science Program 


NEW 


The original guidelines remained in effect until July 23, 
1987. when another research area was added as follows: 


1. Application of molecular genetics to study functions of 
the immune system, including genes encoding cell surface an- 
tigens, secreted immunoregulatory factors, and important for- 
eign antigens. 

7/23/87 


The Joint Cholera Panels guidelines have been changed re- 
peatediy during the first 20 years of the Program. Since the 
name Cholera Panel did not accurately describe the areas of 
research being studied under the guidelines, the Joint Com- 
mittee adopted the recommendation of the Subcommittee on 
Program Review and Planning to change the name to the Chol- 
era and Related Diarrheal Diseases Panel and to retain the 
current guidelines. 


REVIEW OF PANEL ACTIVITIES 


The plan for Program reviews specifies that the Co-Chairnien 
of the Joint Committee appoint a subcommittee comprising of 
members of cach delegation to review and to evaluate the 
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accomplishments of existing panels and boards with respect to 
the overall goals of the U.S.-Japan CMSP. Primary attention 
is directed toward research guidelines that have been identified 
by the panels/board and approved by the Joint Committee. 
Criteria regarded as essential for a proper evaluation of the 
respective guidelines as they relate to the current research pro- 


grams are: 


1. Does the research outlined in the guidelines remain rel- 
evant to the objectives of the U.S.-Japan CMSP? 

2. How well does the scientific program fulfill its research 
guidelines? Is the research program sufficiently concise to en- 
sure achievement of its designated basic and practical objec- 
tives, and does it avoid diffuseness which could lead to 
ineffectiveness? 

3. How appropriate are these guidelines in the light of new 
and current knowledge, needs, and opportunities? 

4. Realistically, in terms of scientific applications, can 
these objectives be achieved by pursuing further the approaches 
currently being utilized? 

5. Is there a reasonably identifiable timeframe wherein the 
research objectives of the guidelines can or should be reached, 
modified, or terminated? 


It is understood that the respective U.S. and Japanese re- 
viewers will prepare a combined report carefully evaluating 
the progress of the panel or board under review in accordance 
with the five review criteria. It is the prerogative of the re- 
viewers to invite outside consultants to assist in the evaluation 
process if deemed advisable. The review report is submitted 
initially to the Subcommittee on Program Review and Planning 
for comment and approval before being presented to the Joint 
Committee for a final decision. This decision is based on the 
following: 

When compared with other potential program areas which 
also may offer promise for progress and accomplishment, should 
the panels/board under review be: 


modified 

combined with another program area 
reduced or expanded in scope 
recommended for other sponsorship 
phased-out in an orderly manner 
continued as currently programmed? 


-—o a0 Te 


Each panel/board review is arranged in accordance with the 
following format: introduction, list of present and past mem- 
bers, summary of research progress under each guideline, and 
a concise evaluation of whether the research is responsive to 
the five criteria previously cited. 

In this Report only a portion of the review for each panel 
is presented. 


PANEL REVIEWS 
Malnutrition Panels 


Reviewers: Dr. Hidio Fukumi 
Dr. Donald Whedon 


1. The research fostered and supported by the Joint Mal- 
nutrition Panels was summarized in the progress report pub- 








lished in the Five-Year Report just before the review of these 
Panels. In that progress report, it is clear that the research 
remains relevant to the objectives of exploring scientific mea- 
sures to deal with the health problems of Asia. At the same 
time there has been a gradual shift in the research projects 
toward attempting to deal also with problems of considerable 
interest and concern in Japan and the United States. 

2. The Panels’ scientific program as described in the Five- 
Year Report is, on both sides, well within the areas of major 
interest (guidelines) which have been directive over at least 
the past 5 years, most for much longer. The projects themselves 
have in most instances been aimed at solving specific scientific 
questions; they have had to be so or they would not have passed 
scientific merit and relevance reviews for funding. The success 
of the projects’ continuing merit and relevance may be attested 
to by a statistic from the U.S. program; for the 13 projects in 
FY 1983 which were beyond the 3d year (that is, in a phase 
of support renewal), the average “‘age’’ was 8.2 ycars, indi- 
cating that most had successfully competed for at least a second 
renewal. A problem of diffuseness versus conciseness lies in 
the guidelines or objectives as noted below. 

3. From time to time, the stated objectives or guidelines 
have been commented upon as being unusually broad. To speak 
favorably of them, they apparently have been sufficiently spe- 
cific to produce stimulation of many research projects, but on 
the other hand, present review and reconsideration of them by 
the Malnutrition Panels was clearly in order **in the light of 
new and current knowledge, needs, and opportunities."’ Re- 
vision, remodeling, or rejection of the guidelines in place for 
several years is much in order, and the discussions taking place 
in 1984 and 1985 have resulted in major changes. This is a 
favorable development and, we trust, symptomatic of rejuven- 
ation and to-be-anticipated continuing health of the Program 
in both Japan and the United States. 

4. Onthe U.S. side during the early years of the Program, 
it received *‘nutrition for growth and development”’ from its 
fostering National Institute of Arthritis and Metabolic Diseases 
(NIAMD), including a ‘‘special study section’’ for review of 
proposed projects. At the urging of the NIAID, the parent of 
all of the other panels, NIAMD reluctantly conformed to the 
mode of review of the NIAID, i.c. regular Division of Research 
Grants study section review, a sensible system in an institute 
(NIAID) where U.S.-Japan projects are a significant part of 
the Insiitute’s total program. Since that change, a periodic plea 
by the Panel Chairman for ‘‘programmatic assistance’’ has 
continued to this day in an atmosphere where the major overall 
concer has been for individually initiated research grants judged 
by peer review. If the question can be honestly raised that 
**malnutrition’’ applications do not receive true peer review in 
the regular study sections, then an opportunity exists for two 
National Advisory Councils and two new Institute Directors to 
consider some ‘‘imaginative programming.’’ Realistically, it 
will probably take strong evidence to make a convincing case 
that the Panels’ objectives cannot, in the United States, be 
achieved by pursuing further the approaches currently utilized 
by the Panels. 

5. The problems of malnutrition remain sufficiently com- 
plex, difficult, and widely distributed around the world that it 
is impossible to expect that the Panels’ objectives can be reached 
at any early time. As has been pointed out, since malnutrition 
is interwoven with the disease problems confronted by the other 
panels in the Program (which involve, in various ways, infec- 








tion and the immune response to infection), the relevance and 
importance of the objectives and activities of the malnutrition 
program remain high. 

We believe that significant contributions have been made in 
the past and are continuing to be made by the Malnutrition 
Panels’ activities in dealing with nutritional problems in Asia 
and, more recently, relative to other problems in Japan and the 
United States. With revised, up-to-date guidelines and with 
anticipation of more in the way of bilateral research collabo- 
ration, we are indeed expectant that additional substantial con- 
tributions will be made with the continuation of this program. 


Viral Diseases Panels 


Reviewers: Dr. Charles Carpenter, Jr. 
Dr. Yuichi Yamamura 


1. The activities of the Viral Diseases Panel have closely 
followed the guidelines. Thus, their research remains entirely 
relevant in that they are applying the tools of modern molecular 
biology to the solution of major health problems of Asia. Since 
the last review of the activities of the Viral Diseases Panels, 
major strides have been made in combating the worldwide 
morbidity and mortality caused by viral diseases. Major prog- 
ress has been made in the fields of viral gastroenteritis. rabies, 
and arbovirus diseases. 

One of the major efforts has been directed toward devel- 
opment of a vaccine against rotavirus, which is now known to 
be one of the two leading killers of children under the age of 
2. Initial field trials of live reassortment vaccines, containing 
genes for all four known retroviral group A serotypes, have 
been promising. 

A unique new approach to a rabies vaccine utilizes a vaccinia 
virus vector which has been genetically modified by transpo- 
sition with a gene which encodes a rabies glycoprotein. When 
administered orally, it causes a protective immune response in 
captured raccoons. This may prove to be a major advance in 
view of the widespread penetration of rabies in the raccoon 
population in the Fastern United States. 

In another novel approach murine CTL clones have been 
isolated from a/j mice immunized with HEP antigens. Those 
CTLs protected mice when transferred to mice treated by cy- 
clophosphamide and infected with ERA strain of rabies virus 
through the plantar route. The CTLs lysed the cells infected 
with ERA strain of rabies virus. 

Research on the hemorrhagic fever with renal syndrome 
(Korean hemorrhagic fever) has led to a far greater understand- 
ing of this hitherto poorly understood, but widely distributed 
and potentially fatal, viral illness. 

Envelope glycoprotein E of Japanese encephalitis virus has 
been extensively studied. An epitope has been studied which 
stimulated antibodies that conferred very high protective ac- 
tivity against Japanese encephalitis (JE) virus infection in mice. 
This epitope was JE-specific and conserved among various 
strains of JE virus. By analyzing base sequences of an escaped 
mutant of this epitope, it was suggested that this epitope is 
located in the N-terminal side of E protein. E protein was only 
successfully expressed by recombinant vaccinia virus or bac- 
ulovirus in which E gene was inserted with its upstream genes 
together. 

Japanese workers found that a single amino acid change 
correlated with the subtype specificity in the JE virus neutral- 

















ization test. They also analyzed nucleotide sequences of an 
attenuated JE virus used for swine vaccine and fuund four 
amino acid substitutions in E protein as compared with that of 
the parent strain. 

2. The Panels’ scientific programs have become increas- 
ingly well-focused as increasingly sophisticated techniques have 
been applied to delineating the pathogenetic processes by which 
viruses Cause disease in the human host. This has permitted 
more precise approaches both to the treatment of viral diseases 
and to developing protective immunity against viral infections. 

The Panels have thoughtfully moved from the original em- 
phasis on descriptive epidemiology. to apply the tools of mod- 
em molecular biology to major viral diseases which are epidemic 
and endemic in Asia. 

They have succeeded in developing a candidate live virus 
vaccine against rotavirus, a major pathogen which had not yet 
been identified at the inception of the U.S.-Japan Cooperative 
Medical Science Program. 

They have recruited outstanding scientists in both nations to 
study the virus responsible for Korean hemorrhagic fever; they 
have defined the rodent host and the wide geographic extent 
of this illness, and are applying sophisticated technology to 
define the pathogenic mechanisms and immunologic responses 
to this disease. 

They have improved the approaches to immunization against 
rabies and are attempting to determine the optimal approach 
to immunization against dengue fever. 

3. The Viral Diseases Panels have altered and extended 
their objectives as new major viral problems have arisen and 
new basic knowledge of the moiecular biology of viruses has 
arisen. As the major role of viral diarrheas in childhood mor- 
tality in the developing world was clearly established, viral 
gastroenteritis became a priority research area for the Viral 
Disease Panels. Tens of millions of children are afflicted every 
year and over one million die from severe diarrhea. Research 
on rotaviral diseases is focused on the proteins produced by 
the virus, the biological function of these proteins in patho- 
genesis, and the host’s immune responses. There is also con- 
siderable research inteest on differentiating various isolates 
and strains of RV by their antigenic structure, and a concerted 
effort is being directed toward vaccine development and eval- 
uation. 

Likewise as the worldwide prevalence of the hemorrhagic 
fever with renal syndrome was clarified, this viral illness was 
accorded high priority by the Virus Panels. Research on Han- 
taan virus (HV) and hemorrhagic fever with renal syndrome 
(HFRS) conducted by scientists from the United States has 
emphasized the comparative molecular genetics of the viral 
genome and epidemiology of the disease. A clinical trial with 
the antiviral drug, ribavirin, has been conducted in an endemic 
area of China with negative results. Several genetically distinct 
but serologically related hantaviruses have been isolated from 
different geographic areas within and outside of the United 
States. U.S. scientists are also exploring the potential of vac- 
cines through recombinant DNA techniques. 

Progress of research on HFRS is reported regularly at the 
annual joint meetings of the U.S. and Japanese Panels. As with 
rotaviruses, U.S. and Japanese collaborations are accelerating 
the pace of research on hantaviruses and HFRS. Effective col- 
laborations have developed from the congenial atmosphere gen- 
erated by the joint annual panei meetings. These collaborations 


are especially important in view of the small number of sci- 
entists whose research is focused on this field. 

Overall, the Viral Diseases Panels have done an excellent 
job of focusing on those viral diseases which pose a major 
thrust to Asia and the Pacific Basin, and are effectively ap- 
plying the tools of modern molecular biology to their solutions. 

4. In terms of scientific applications, it is reasonable to 
predict that the objecti: <s of the Viral Diseases Panels can be 
achieved by further pursuit of the approaches currently being 
utilized. The approaches are being appropriate!y modified as 
the science of molecular biology advances, and it is entirely 
realistic to expect that the flexibility and adaptation of the 
panels to new technology will continue to be strong points in 
their work. 

5. The identification of a timeframe or point in time where 
the objectives can be reached would be very difficult. The 
problems presented by the viral diseases which are being ap- 
proached by the Panels are sufficiently complex that it is im- 
possible to predict the timeframe within which the Panels 
objectives will be achieved. Different approaches must be taken 
for the control of each viral pathogen. The approach to vaccine 
development which has proved so successful with rabies, for 
example, is not applicable to the problem of Japanese B en- 
cephalitis. 

Therefore, although it can be predicted with great assurance 
that the current approaches of the Viral Diseases Panels will 
be effective in reducing the burden of viral disease throughout 
the developing world, it would be unrealistic to predict a 
timeframe within which each of the Panels’ goals will be ac- 


complished. 


Parasitic Diseases Panels 
Reviewers: Dr. Barry R. Bloom 
Dr. Wataru Mori 


1. The Parasitic Diseases Panels were established to sup- 
port and encourage research in the area of parasitic diseases 
in 1966, with an almost exclusive focus on helminthic infec- 
tions, particularly schistosomiasis and filariasis. Parasitic and 
tropical diseases remain the major burden to 500 million people 
in the developing countries of Asia and the Third World. The 
research of these Panels is crucial to understanding and treat- 
ment of these diseases. Helminthic infections represent a major 
problem of morbidity and mortality worldwide, the study of 
metazoan parasites and their vectors remains a very difficult 
and challenging scientific problem. 

It is gratifying that significant contributions to the molecular 
biology of parasites have been made by scientists from both 
countries. Monoclonal antibodies have been prepared against 
major antigens of virtually every species of parasite studied. 
In the cases of schistosomiasis, filariasis, and malaria, genes 
encoding important antigens from each of the parasites have 
been cloned and many have already been sequenced. Indepth 
analysis of many of these antigens has revealed some of their 
biological functions as well. For example, in the case of schis- 
tosomes, a 26-28kDa antigen encodes the enzyme glutathione 
S-transferase, another 28kDa antigen has been found to be 
triose phosphate isomerase, a 97kDa myofibrillar protein en- 
codes paramyosin and another recombinant antigen shares se- 
quence homology to the mammalian myosin heavy chain. Several 





S. mansoni antigens are proteases, with homology to cathepsin 
B and hemoglobinase, which may be involved both in parasite 
nutrition and in skin penetration by cercariae. Further, in the 
case of plasmodial antizens, evidence was provided indicating 
that several may serve as receptors for binding to the red cell, 
and the nature of the erythrocyte ligands is currently being 
elucidated, with clear evidence for involvement of certain gly- 
cophorins dependent on their state of O-acetylation of sialic 
acid. An extraordinary molecular biological discovery was a 
striking DNA sequence homology between the envelope gly- 
coprotein sequence of murine retrovirus proviral DNA (env) 
and genomic DNA of S. japonicum and S. mansoni, as well 
as homology between gag and the eggs of S. mansoni and a 
portion of the pol sequence and adult forms of S. japonicum. 
Recombinant DNA fragments derived from the S. mansoni 
eggs did not hybridize with DNAs of male or female adult 
worms of S. mansoni suggesting rearrangements and deletions 
of DNA sequences occurs during development of S$. mansoni. 

Molecular approaches to drug design have similarly been 
taken. For example, the P. falciparum enzyme dihydrofolate 
reductase-thymidilate synthetase (DHFR-TS), the target of py- 
rimethamine action, has been cloned and mutants have been 
produced that exhibit significant gene duplications and trans- 
locations associated with altered enzyme production and spe- 
cific activity. The carcinogenic metabolite, N-OH-TRP-P-2, 
of a promutagen was present in higher levels in the serum of 
schistosome-infected mice, suggesting that hepatic cells in 
schistosome-infected individuals might be concentrating a car- 
cinogen that could possibly be related to the subsequent de- 
velopment of neoplasia in chronically infected individuals. 

Highly sophisticated immunologic approaches have been de- 
veloped by scientists in both countries to study immunoregu- 
lation in these diseases, which can only be enumerated here. 
ELISA assays for antigen and antibodies are being developed 
in both countries that may make important contributions to 
diagnostic and epidemiological tests that can be carried out 
under field conditions. 

An IgE-producing hybridoma specific for an epitope on sev- 
eral schistosome antigens has been developed that should be 
highly useful in facilitating the understanding of the role of 
eosinophils in destruction of schistosomula and possibly pro- 
duction of fibrosis and other pathologic changes. In the case 
of experimental schistosomiasis, clear-cut evidence of idiotype/ 
anti-idiotype interactions involving both antibodies and T cells, 
has been obtained. These results present encouraging possi- 
bilities of immunizing against carbohydrate epitopes using idi- 
otypic antibodies in vaccination studies and of generating 
idiotype-specific suppressor cells that down-regulate granu- 
loma formation in studies of pathogenesis. Elegant experiments 
on the genetics of immune responses in schistosome-infected 
human donors has revealed important evidence for the exis- 
tence of genetic control of T-cell suppressive responses, im- 
plicating HLA-DQ as a restricting element in controlling T- 
cell suppressive responses in man. 

High levels of protective immunity could be induced in mice 
against B. malayi by immunization with microfilariae emul- 
sified in adjuvants in certain strains of mice, but not in others, 
indicating some genetic control of responses to this parasite. 

T-cell lines and clones derived from individuals infected with 
a variety of parasites have been developed in both countries. 
These are being used for analysis of antigens and epitopes 
recognized by T cells, and elucidation of the role of cellular 


immune responses in restricting the growth of parasites and in 
producing pathological changes. In the case of P. chabaudi, 
there is striking evidence that a CD4 helper-type T cell pro- 
ducing IFN and IL-2 is protective, whereas in other experi- 
mental malaria models evidence has recently emerged that CD8 
cytotoxic T cells may be critically involved in protection. 

Studies on vector biology in endemic areas of onchocerciasis 
in Ecuador revealed that Simulium exigeum has high suscep- 
tibility to the parasite, whereas the susceptibility of S. quad- 
rivittatum is quite low. 

In terms of pathogenesis, filarids were found to metabolize 
arachidonate into pharmacologically active eicosanoid deriv- 
atives that could modify interactions of filariae with a wide 
variety of host cells. In terms of host-vector interactions and 
parasite-vector interactions, several models using Dirofilaria- 
susceptible or -resistant mosquitoes have established differ- 
ences in hemocyte function related to tyrosine and dopa me- 
tabolism which may correlate with resistance. Finally, molecular 
differences in the transcription of RNA in thoracic musculature 
of susceptible versus resistant mosquitoes infected with B. ma- 
layi or malpighian tubules of those infected with D. immitis 
have been observed and are under study. 

These examples indicate that major strides in integrating the 
most modern molecular genetic and immunological approaches 
to attacking these major pathogens of man have been made by 
scientists of both Panels over the past 5 years. In this spirit, 
it is perhaps noteworthy in the annual report from one of the 
Panels, that the usual organization by parasite species has been 
discarded, and the highlights presented across genus and spe- 
cies under the biologically significant categories of general 
biology, immunology, molecular biology, parasite physiology 
and drug development, pathogenesis, and immunoregulation. 

2. The goal of the Joint Panels on Parasitic Diseases is to 
increase understanding of vector-borne helminthic and proto- 
zoal diseases, thereby allowing development of effective modes 
of prevention or treatment of these major worldwide threats to 
human health. The intricate interdependence and interactions 
of these parasites with their vectors and hosts present some of 
the most difficult and challenging problems of modern biology, 
requiring the application of the most sophisticated approaches 
of molecular biology, immunology, epidemiology, cell biol- 
ogy, pharmacology, and parasitology. While the problems of 
the individual parasites, vectors, and diseases are indeed unique, 
the approaches, to solving them cut across disciplinary and 
taxonomic lines. In the past 5 years, remarkable progress has 
been made in bringing the new biomedical technologies to bear 
on parasitic diseases and in providing better understanding of 
the immunology, molecular biology, epidemiology, and patho- 
physiology of schistosomiasis, filariasis, and malaria as a result 
of the work of these Panels. 

3. At the time of the previous review, the importance of 
the scientific contributions of the Parasitic Diseases Panels was 
recognized, and the Program's contract support for supply of 
biological materials to facilitate research by laboratories not 
having access to various stages of parasite life cycles was 
acknowledged. However, at that time it was clear that newer 
technologies, particularly the use of monoclonal antibodies and 
recombinant DNA technologies were just being introduced into 
the study of protozoal infections, and that these new molecular 
and genetic tools and approaches were likely to have great 
relevance to the study of helminths as well. Because of the 
acknowledged expertise within both countries in malaria re- 








search, the recognition of malaria infections as being a major 
cause of morbidity and mortality, and because new molecular 
tools and approaches likely to be relevant to helminths were 
just being applied to plasmodia and other protozoans, the guide- 
lines of the panels were expanded to include research on ma- 
laria, and to a lesser extent other protozoal infections. A 
symposium on Current and Unresolved Problems in Parasitic 
Diseases was held by the Joint Parasitic Diseases Panels at the 
NIH in 1983 in which a wide variety of new molecular, epi- 
demiological, and immunological approaches being imple- 
mented or contemplated over the next several years were 
presented to the Joint Panels. Following that meeting, the ex- 
panded guidelines for the Panels were drawn up. In the sub- 
sequent 5 years, remarkable advances in the application of 
modern immunology and molecular biology have been made 
in schistosomiasis and filariasis, as well as in hemoprotozoan 
diseases. These advances have been facilitated by efforts of 
the Joint Panels working under the new guidelines. 

The revised guidelines and objectives strengthening the ap- 
plication of advanced molecular biological and immunological 
approaches not only to complex parasitic metazoan, but also 
protozoan infections have brought forth a plethora of new in- 
sights and observations, indicating that the Panels are on an 

late Course. 

It was the hope at the time of the previous review that 
broadening the guidelines to include protozoal diseases and 
fostering expanded scientific symposia and presentations on a 
wider variety of experimental systems would facilitate the transfer 
of knowledge of successful techniques and approaches in any 
one area to scientists working on related problems in different 
parasite or vector systems. The remarkable progress in all areas 
over the past 5 years has fully justified this approach. 

4. The Joint Parasitic Diseases Panels are bringing to bear 
very high levels of expertise, the most sophisticated new ap- 
proaches, and renewed vigor to these very difficult and bur- 
densome parasitic pathogens of people of Asia and of the 
developing world. The research is highly integrated and inter- 
active and yet clearly well-focused scientifically. The Panels 
presentations and progress confirm the value of the integration 
of the helminths and some protozoa and confirm the interdis- 
ciplinary and scientific interactiveness of the scientists asso- 
ciated with these Panels. Without a doubt, continuation of the 
approaches now being utilized by these panels will facilitate 
achievement of the above described goals. 

The definition of antigens recognized by antibodies and T- 
cells, immunologic interactions, and idiotypic networks are 
fundamental in developing new tools for immunodiagnosis and 
vaccines. The further characterization of many of these anti- 
gens in terms of their biological and enzymatic function offers 
unanticipated new opportunities for drug design. The organ- 
isms and scientific problems are highly complex, but their study 
is yielding important new insights to the modern approaches 
taken by the Panels. 

5. While productivity has been strong in the past 5 years, 
the manpower in this area is relatively limited. It is gratifying 
that new young scientists are being involved in the activity of 
these Panels. It can be anticipated in the next 5 years that 
significant advances will be made in serological and molecular 
diagnostic techniques, possible vaccine candidates, new drug 
design, and mechanisms for resistance; yet, a great deal more 
understanding and work will be necessary before these can be 
directly applied to prevention and treatment of human disease. 


With the limited support available for tropical diseases research 
worldwide, there is an urgent need to maintain and strengthen 
the work of these Panels. 

It is the overall judgment of these reviewers that the Panels 
on Parasitic Diseases are making an important contribution in 
the spirit of the U.S.-Japan Cooperative Medical Science Pro- 
gram, and that they should be commended and enthusiastically 
supported. 


Leprosy Panels 


Panel Reviewers: Dr. Tadao Shimao 
Dr. Edward W. Hook 


1. Leprosy remains a major world health problem involv- 
ing millions of persons in many countries. During the years 
covered by this report, 1982-1987, extraordinary progress has 
been made by participants of the program in the acquisition of 
fundamental knowledge related to leprosy. These new basic 
observations, especially those that relate to the antigenic com- 
position of Mycobacterium leprae, are directly relevant to the 
overall objective of eradication of this disease. Overall, the 
studies, which have in recent years emphasized the immunol- 
ogy and chemotherapy of leprosy, are directly and fundamen- 
tally linked to the Program's objectives to develop effective 
means to prevent and control leprosy. Investigations carried 
out during the past 5 years hold promise for the development 
of new vaccines and new chemotherapeutic agents. 

During the period under review, 1982-1987, there have been 
unprecedented accomplishments in the broad area of leprosy 
research. The most significant accomplishments, reported by 
the U.S. participants, were in the areas of molecular biology 
of M. leprae and in the definition of its antigens by chemical 
means, the use of monoclonal antibodies, and T cell lines and 
clones. Very significant progress was also made in the areas 
of immunodiagnosis, immunopathology, and immunoregula- 
tion. Japanese participants in the program focused on the growth 
of the bacillus, study of its metabolism, development of various 
rodent models to M. leprae, and chemotherapy. Their work 
did not emphasize molecular biology or cellular immunology. 
A truly joint effort by U.S. and Japanese participants involved 
chemical synthesis of the sugar epitopes of the phenolic gly- 
colipid and their application to serodiagnosis of lepromatous 
leprosy. 

Presentations and statements of panel members and chairmen 
over the years make it clear that the antigenic analysis of M. 
leprae continues to be a top priority of the U.S. contingent. 
They are committed to the use of modern molecular biology, 
monoclonal antibodies, cloned T cells, and chemical tools in 
the further definition of the key antigen determinants, both 
peptide and carbohydrate, involved in cellular and humoral 
immunity and from this the development of in vitro and in vivo 
diagnostic tools and the ultimate provision of subunit vaccines. 

2. The panels’ scientific program has fulfilled many of the 
objectives listed in the guidelines, particularly the revised 
guidelines. During the past 5 years, there has been extraor- 
dinary progress in the identification of antigens of M. leprae, 
which in turn holds promise as the basis for development of 
new, more effective vaccines. In this respect, most of the 
significant developments have come from U.S. and European 
workers. With the exception of work on the use of streptomyces 


for the expression of the M. leprae genome, Japanese leprol- 











ogists have not participated extensively in the burgeoning use 
of molecular biology in leprosy research. The reviewers rec- 
ommend greater emphasis on the molecular approach and the 
use of T-cell clones and lines in efforts to define the deter- 
minants involved in cell-mediated immunity, whether i be 
protective or suppressive. Already among several key Japanese 
participants and also some U.S. workers, there perhaps has 
been overemphasis on the serodiagnosis of leprosy; serology 
in general applies only to the most identifiable, lepromatous., 
form of disease and is consequently only of limited usefulness. 

There has been discussion in the past year of the possibility 
of combining the Tuberculosis and Leprosy Panels of the U.S.- 
Japan Cooperative Medical Science Program. This notion is 
based on the fact that these mycobacterial diseases share many 
common immunopathologic features and on the feeling that 
interaction of the scientists who comprise the mycobacterial 
panels could be mutually stimulatory and advantageous. Al- 
ready, by convening adjoining meetings and holding joint ses- 
sions, the panels are achieving these worthy objectives. Actual 
amalgamation of the panels might in fact be detrimental in that 
large segments of Japanese and U.S. workers concerned with 
the diseases, . and treatment, rather than the relevant 
bacilli, would feel excluded. Moreover, prelimimary discus- 
sions indicate that the suggestion to combine the panels will 
not receive widespread support and will endanger the concept 
of sharing. As indicated above, there already is a good degree 
of complementarity in the work fostered by the two panels, 
and there is genuine cooperation in some areas (e.g., the 
whole'phenolic glycolipid story). Obviously, there is a need 
for greater cooperation and a change in the focus of the Jap- 
anese Leprosy Panel. The present format is more suited to 
accommodating these adjustments. However, it is recom- 
mended that the Leprosy and Tuberculosis Panels continue to 
hold adjoining meetings and joint sessions. 

3. The objectives listed in the revised Leprosy Panel 
Guidelines are appropriate. The technology is available to achieve 
the objectives. However, many laboratories and major pro- 
grams are not availing themselves of this new technology. 
Throughout the report, recommendations have been made con- 
cerning the reorientation of these programs. 

4. The approaches employed during the past 5 years, in 
conjunction with the recommendations made in this report, 
should ensure progress towards the achievement of the panels’ 
objectives. Future work will consist of continued evaluation 
of the immune responses to the antigens of M. leprae, further 
definition of immunopathological mechanisms, and the devel- 
opment of new vaccines and chemotherapeutic combinations. 

5. It is unlikely that the objectives will be reached within 
the next 5 years. The timeframe for when the panels’ objectives 
can or should be modified or terminated should be assessed at 
the annual meeting of the combined panels. 

It is the opinion of the reviewers that the work of the current 
Leprosy Panels is extremely important, since it promises to 
provide measures to alleviate a major health problem affecting 
large portions of the world’s population. Evidence supports 
the position that progress in the past 5 years has exceeded that 
recorded for any other 5-year period in the panels’ history; as 
indicated above, some key developments have been of great 
potential importance. Nevertheless, there should be certain 
changes in direction and a reorganization of priorities. The 


reviewers recommend approval of the revised guidelines. Full 
support for this program is recommended for an indefinite 
period of time. 


Tuberculosis Panels 


Panel Reviewers: Dr. Hideo Fukumi 
Dr. Robert E. Shope 


1. Twenty-three years ago when the United States and 
Japan undertook the Cooperative Medical Science Program, 
not only to alleviate disease in the two host countries, but also 
in Asia, tuberculosis was recognized as a major problem. It 
continues to be a significant and, indeed, an increasing prob- 
lem. The failure of the BCG trial in south India to demonstrate 
efficacy has highlighted the need for improved immunopro- 
phylaxis. The continued rapid increase in numbers of AIDS 
cases in the United States and other parts of the world has 
produced a growing population at risk of reactivation of ex- 
isting tuberculosis or susceptible to disease from infection with 
M. tuberculosis and M. avium complex organisms. The re- 
search areas outlined in the Paneis’ guidelines are more than 
ever relevant and appropriate for the U.S.-Japan Cooperative 

2. The Panels have made outstanding progress in the areas 
of identification of biologically and immunologically active 
constituents of the tubercle bacillus and related organisms. 
They have vigorously made use of the modern biotechnology, 
including monoclonal antibodies and recombinant DNA, to 
approach this area. The Panels have also made effective prog- 
ress in the field of immunology of tuberculosis. Of note are 
the discovery of a new lymphokine and the development and 
exploitation of PPD-reactive T-cell clones to investigate im- 
munological phenomena. The Panels have also addressed each 
of the other areas of the guidelines either directly or indirectly. 
The research has been effective, although in some cases lim- 
ited. Limitation in the numbers of available investigators has 
prevented more rapid progress in areas such as vaccines and 
adjuvants. These, however, are of high priority and should not 
be eliminated from the guidelines. 

3. The objectives as stated in the guidelines revised in 1978 
are still appropriate. The previous review pointed out the need 
to use monoclonal antibodies to identify specific moieties to 
differentiate Mycobacterium species and to select for these 
moieties by affinity chromatography. It also urged application 
of recombinant DNA techniques to obtain abundant supplies 
of antigens. Good progress in these directions is evident, and 
the approaches continue '. “< timely. The progress in identi- 
fying antigens has been; « | ying. It is opportune now to apply 
this new molecular knowledge of the constituents of the tu- 
bercle bacillus and related organisms to studies of immuno- 
prophylaxis. It should be noted that studies of adjuvant properties 
of mycobacteria, if leading to improved adjuvants for molec- 
ular vaccines (including vaccines for AIDS), would provide a 
critically needed breakthrough, a much wider application not 
limited to the control of tuberculosis. The study of the molec- 
ular genetics of Mycobacterium is in its infancy and should be 
emphasized during the coming 5 year period. 

4. The biotechnical approach including modern immuno- 
logical methods, monoclonal antibodies, recombinant DNA, 











nucleic acid/carbohydrate/protein synthesis, and advanced en- 
zymology will continue to lead to progress. Animal models 
are essential. 

5. Tuberculosis and related diseases continue to increase 
and attempts to control them should continue as long as the 
diseases are prevalent. The most important goals have not 
areny chaih p Pname pr ot en gran ge even 

more important than improved chemotherapy. Both goals are 

important, however, and neither is likely to be perfected in the 
next 5 years. Other goals such as specific diagnostic reagents, 
perhaps achieved through synthesis of specific epitopes, should 
be reached prior to the time of the next review. The Panels 
serves as a focus for many other researchers, some from other 
nations, and some in related but different fields. These make 
up a critical mass needed to solve the complicated problems 
posed by Mycobacterium species. The Tuberculosis Panels are 
an important and necessary part of the overall solution. 

Since the last report on the review of activities of the Tu- 
berculosis Panels, the tools of recombinant DNA and hybri- 


doma biotechnologies have been increasingly applied to the 
study of Mycobacterium tuberculosis, opening important new 
approaches. At the same time, the appearance of AIDS and 
the deterioration of public health efforts in some troubled parts 
of the world have led to resurgence of tuberculosis and related 
mycobacterial disease. Thus, the paradox that in spite of the 
application of the most modern technology to the study of the 
pathogenesis, immunology. and epidemiology of mycobacte- 
rial disease, the net result has been an increase in morbidity 
and mortality. The increase has been dramatic in Africa. sig- 
nificant in the United States, and a threat in Japan which still 
registered in excess of 400,000 tuberculosis patients in the mid- 
1980°s. The meetings of the Jomt Panels have alternated be- 
tween Japan and the United States. Attendance has been ex- 
cellent, approaching 100 cach year, mostly from the host country, 
but with representative experts from both nations. The 1987 
meeting was held jointly with the Leprosy Panels which share 
many similar problems and methodologic approaches with the 
Tuberculosis Panels. 
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Profiles 


Ashley T. Haase 
Chairman (1988—Present) 


Ashicy T. Haase. Professor and Head of the Microbiology Department at the 
University of Minnesota. received his M.D. from Columbia University College of 
Physicians and Surgeons. completed an internship and residency at the Johns Hop- 
kins Medical Inststutions. and subsequently trained in virology with HG. Pereira 
at the National Institute for Medical Research in London and Sam Baron at the 
National Institutes of Health. He came to to Minnesota from the University of 
Califorma, San Francisco, where he was professor of medicine and microbiology. 
as well as chief of infectious diseases at the Veterans Administration Hospital 
Doctor Haase is a memeber of the National Advisory Council of the National 
Institute of Allergy and Infectious Diseases (NIAID), and both a Javits Neuroscience 
Investigator of the National Institute of Neurological and Communicative Disorders 
and Stroke and a MERIT awardee of NIAID. He is chairman of the AIDS Panc! 
of the U.S.-Japan Cooperative Medical Science Program 


Dr. Yuichi Shiokawa 
Chairman (1987—Present) 


Dr. Yuichi Shiokawa graduated from the Medical Faculty. University of Tokyo. 
in 1941. His studies included infectious diseases, collagen diseases, and allergology 
in Second Department of Medicine, University of Tokyo, and he has been instru- 
mental in the development and progress of these areas im Japan. especially m the 
control of rheumatic fever. Dr. Shiokawa established the concept of malignant 
rheumatoid arthritis as a new disease entity, resulting in the development of control 
measures, for which he was awarded the Japan Rheumatism Association Prize. He 
was appointed to a professorship in the Department of Allergological Medicine in 
Juntendo University Medical School. He served as the member of Public Health 
and Pharmaceutical Councils, Ministry of Health and Welfare (MHW), Government 
of Japan. Since 1984, Dr. Shiokawa has chaired the MHW AIDS Working Group 
and, after its reorganization in 1987, held the chairmanships of GO) AIDS Exper 
Committee, MHW AIDS Control Committee, and MHW AIDS Surveillance Com- 
mittee. He is a leader im all aspects of AIDS studies and was responsible for the 
establishment of the present system of AIDS prevention and control in Japan 

Dr. Shiokawa holds the titles of Honorary President of Japan Rheumatism Society . 
Chairman of the Japan Rheumatism Foundation, Chairman of the Japanese Society 
of Inflammatology, and Honorary Member of Amencan Rheumatism Society. and 
is still serving as an active and leading figure in Japan im a broad arca including 
clinical immunology, allergology, and inflammatology as well as in AIDS. A 
number of standard textbooks covering collagen diseases and rheumatism have been 
published by Dr. Shiokawa. The Japanese people are proud to have him as the first 
chairman of the AIDS Pane! 











GUIDELINES 


ACQUIRED IMMUNE DEFICIENCY SYNDROME PANELS 


United States-Japan Cooperative 
Medical Science Program 


Acquired Immune Deficiency Syndrome (AIDS) ts a newly 
recognized discase that destroys the body's capacity to over- 
come a variety of infections. AIDS has become a global pan- 
demic, with cases reported in more than 104 countries 
representing all continents. International studies have yielded 
important information on the natural history. epidemiology. 
clinical immunology. and ctiology of AIDS. Studies in South- 
east Asia, Africa. the Caribbean. and the United States have 
provided insights into the modes of disease transmissions, the 
possible role of parasitic, viral, and nutritional factors, the 
possible role of racial or genetic factors influencing exposure. 
infection, and disease expression; and cultural practices. A 
collaborative effort by Japanese and U.S. biomedical scientists 
would be of enormous value in solving the multiple problems 
relevant to the effective prevention and treatment of AIDS. 
The rapidity of the increase in diagnosed cases of AIDS and 
the morbidity of this devastating disease require the mobili- 
zation of the most creative scientists. Their objectives will be 
to aggressively pursue an intensive program aimed at devel- 
oping new strategies and uncovering the clues necessary for 
providing effective treatment and prevention of this epidemic 
scourge. Research areas of high interest to the Panels are: 


1. Development of antiviral compounds, vaccines. and im- 
munomodulators for primary prevention and treatment. espe- 
cially for secondary intervention of disease manifestation from 
virus carners. Establishment of in vitro and in vivo evaluation 
systems, including the development of animal models. 

2. To study the pathogenesis of AIDS; cell biology. vi- 


actenzations of HIV and related retroviruses aimed af improving 
the basic understanding of the Causative agents. 

3. To conduct clinical surveillance and epidemiological 
studies, including modes of trar.smussion in Japan. the United 
States, and Asian countries in order to identify msk factors of 
infections caused by the human immunodeficiency virus (HIV) 
and other retroviruses. including further development of di- 
agnostic test reagents. | 

4. To perform follow-up studies designed to determine the 
incidence of immunodeficiency and neurological disorders as 
a sequela of chronic HIV infections. 

5. To identify limited, but sufficiently large cohort groups 
Oe eae ne eee 
be followed prospectively and longitudinally for an indefinite 
but sufficiently long timeframe. 

6. To exchange basic and clinical information between 
investigators of Japan and the United States and to share tech- 

At the first Joint Panel Meeting in December 1988. in Tokyo, 
two other areas of research interest were recognized and were 
proposed to be added to the guidelines: 


7. Elucidation of the ecology. epidemiology. pathology. 
virology. and prevention of diseases caused by other members 
of human retro-viruses, ¢.g., adult T-cell leukemia (ATL) and 
HTLV -1-associated myelopathy (HAM) by HTLV-1. princi- 
pally by the Japanese Panel. 

8. Elucidation of the rate, diagnosis, impacts. and control 
of mother-to-child transmission of HIV, principally by the U.S. 
Panel. 
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U.S. AIDS Panel 


BROAD GOALS 


The overall objectives of the Panel are to join in the common 
efforts of scientists worldwide to develop strategies to prevent 
and treat AIDS. The Panel believes that this can be achieved 
by discussion and collaboration between scientists focused on 
cight areas of particular relevance and interest. These cight 
areas are designated im the guidelines above. 


PROGRESS IN PRIORITY AREAS 


On December 5-7, 1988. the Japanese pane! of the U.S_- 
Japan Cooperative Medical Science Program on AIDS hosted 
the first scientific meeting of the Panels at the National Cancer 
Cemter in Tokyo. Investigators from both countries presented 
overviews and detailed reports in sessions on the epidermology 
of AIDS; current understanding of the causative agent, the 
human immunodeficiency virus (HIV): the pathogenesis of len- 
Those reports, which constitute the major achievements of the 

Some S-10 million individuals worldwide are infected, and 
by 1992 the toll in the United States alone is expected to be 
365,000 curnulative cases and 263,000 deaths. More than 80,000 
of these will occur in that year alone, making AIDS the leading 
cause of death and major contributor to health care costs ($5- 
$13 billion). However, it is in Africa and other developing 
regions of the world where AIDS 1s expected to have its greatest 
impact. The reservoir of infected but individuals 
is probably in the range of 3-5 million with more than 100,000 
cases of AIDS in central Africa to date. Further studies are 
needed of a related retrovirus, HIV-2. identified in West Africa 
in 1986 to assess its probable contribution to the AIDS epi- 
demic. 


HIV is transmitted sexually, parenterally. and perinatally. 
In the United States. the majority of HIV seropositive indi- 
viduals are homosexual or bisexual males. but recent behavior 
modification has led to a decrease from 70% to 62% of the 
infected population. The incidence amongst IV drugusers and 
their sexual partners. on the other hand. is increasing (now 
about 30% ) with a disproportionate share in Black and Hispanic 
residents of the inner city. With a 30%—S0% transmission rate 
perinatally the number of pediatric AIDS cases is expected to 
rise dramatically in this group. 

In Africa, the male to female ratio of infection, in contrast 
to the United States, is close to one. reflecting the high inci- 
dence of sexually transmitted diseases, the high incidence of 
infection in female prostitutes, and greater likelihood for trans- 
mission with associated genital ulcerations The high incidence 
of heterosexual transmission from this large reservoir, and the 
$%-10% seropositive blood donors, are the source of the som- 
ber predictions for the impact of AIDS in Africa. 

Hopefully. the dissemination of information now underway 
in the United States, described by Dr. Allen, and outreach 
programs like the one at UCLA described by Dr. Fahey, with 


appropnate behavior modification can conmstram the dissem- 
nation of HIV elsewhere. 

The genetic organization and gene products of lentrviruses 
have, in common with other retroviruses, a 5S’ LTR wath cis 
regulatory sequences. a pol gene encoding 2a polymerase with 
reverse transcriptase. RNase H. and endonuclease activities 
required for synthesis and imtegration of viral DNA. and genes 
encoding the structural polypepodes that comprise the nucieo- 
capsid (gag) and envelope (env). The env product is also m- 
volved in cell fusion and killing. the biological activites m 
tissue Culture characteristic of lentiviruses. There are additonal 
open reading frames m HIV which encode products required 
for infectivity (vif) and regulation of gene expression. The tat 
and rev gene products regulate the abundancy and translational 
efficiency of spliced and unspliced inon mRNAs. the nef gene 
product acts to down regulate gene expression at the level of 
anisms of action of these lentivirus-specific genes have not as 
yet been completely defined. they are likely to be intnguing 
and novel. 

Lentiviruses kill cells m culture and cause slowly evolving 
nervous systems of man. primates. cats. and rurmunants. Haase 's 
review on the distinctive aspects of the pathogenesis of anmmal 
lentivirus infections underscores the great difficulnes in pre- 
in sheep establish persistent infections im this host through 
down-regulation of viral gene expression which renders the 
infected cell a poor target for detection and destruction by 
immune surveillance. In mobile cells, particularly monocytes. 
infection ts transmitted mm and between individuals by a Trojan 
Horse mechanism in which the host humoral and cellular om- 
mune defenses fail to detect and elimiaate the silently infected 
cells. Infections are not truly latent, however. as some infected 
cells produce viral gene products and elicit an immunopath- 
ological response which. in time. causes sufficient tissue dam- 
age to be manifested chemically. In visna and the progressive 
pneumonias of sheep. the inflammatory lesions im lungs and 
central nervous system (CNS) eventually lead to shortness of 
breath and paralysis. In infections by the Simian and feline 
lentiviruses. involvement of the immune system 1s as prominent 
as it is in HIV infections. The striking parallels to HIV infection 
support the usc of these animal models im studies of patho- 
genesis of lentivirus infections with particular relevance to 
AIDS. 

During the course of HIV infection there 1s both a humoral 
to gp120, the external portion of the env gene product, virus- 
specific cytotoxic lymphocytes and antibody-dependent cell- 
mediated cytotoxicity have been documented, but, as is truc 
in the animal models, virus ts not eradicated. Eventually. with 
an incubation period of S—10 years, CD4 + T helper cells (T4) 
are depleted and opportunistic infections appear where the T4 
count is 200/mm3. The immunological response to infection 
and associated alterations in immune function were reviewed 














and the utility of followimg the T4’TS rano. T4 count. and 
vanows independent measures of mmmunopathological events 
m lymphocyte turnover (mcrease m b)-mucroglobulin and 
neoptenn) and activation of mycios cells (release of an IL-2 
receptor characterized. and described by Honda ct al.) m 
was stressed Although the mechanrems mvolved m these vur- 
ally wnduced alterations m the nervous system are stil! poorty 
understood. the changes m these parameters are strongly cor- 
related with the development of discase and response to treat- 
ment 

Thus far. lymphokines and colony -stemulating factors have 
shown activity mm trssue culture but have proved drappomting 
in vivo. infuwon of CDS + lymphocytes was also discussed 
sence they suppress HIV replication in vitro and HIV and SIV 
(Kannagi. Harada. and Letvim) are more readily wolated m 
CD8-depieted mdrviduals 

Vaccine development ss now largely centered on recomiy- 
namt gpi20 and wdentificanon of eptopes involved im viral 
nevtralizanon Sequence homology analysts suggests that a 
cellular protease may recognize a portion of gp! 20 and activate 
fusson and entry of virus by cleavage Inhibinon of giant cell 





formation by a competitor pepode designed to ciamene thes 
regoon of gp! 20 dbustrate the potential of thrs kund of approach 
to the design of new drugs 
Recombwnant CD4 may also block attachment of HIV to T4 
cells, but once virus has entered the cell. effective mterventons 
must be directed at selective mbhibrpon of other stages of viral 
rephcanon. Rachman provided a progress on the treat- 
ment of HIV infections. particularly focused on AZT and other 
inhibitors of viral DNA synthests such as foscarnct. dideox- 
yeytoume. and dideoxymosne. Alternatives will clearly be 
needed m light of Richman’s recent finding of strams of HIV 
resstamt to AZT. Suill later stages m the viral lifecycle may 
be mbubsted by interferons and mhibstors of giycosylanon The 
latter interfere with assembly or processing of gp!20. hk was 
evident from the presentations of Yarnamoto ct al. on tssuc 
culture screening systems. Yamada on clinical studies m HIV- 
infected hemophiliacs. and W. Parks on AIDS climcal tals 
groups. that in both Japan and the United States there is both 
commutment and appropnate structures to continue the search 
for effective meavures against HIV 





PROJECTS SUPPORTED BY THE PROGRAM 


Investigator and Institunor 


Title 


GRANTS 


John L. Fahey 
University of Califorma Los Angeles 


Ashicy T. Hasse 
University of Minnesota 


Beatrice H Hahn 
University of Alabama Birmingham 


Wade Parks 
University of Miarm 


Lee Ratner 
Washington University 


Chimcal and Fundamental Immunology 
Interdrsciplinary Research of Immunologx Diseases 


Center for Imerdrscuplinary Research m Immunologx 
Diseases 


Studies of Acquired Immunodeficiency Syndrome 


Pathogenesis of the AIDS Dementia Compiles 
Pathogenesis of HIV Induced Immunodeficiency 


Studies of HTLV-IIVLAYV Envelope Variation 

Molecular Structure-Function Studies of HTLV-4 & HIV 

HIV Rephcation and Pathogenesis 

Birmingham NCDDG 

Mucosal and Systematic Immunity to STV and HIV Vaccines 

Acquired Immunodeficiency Disease un Haitian Children 

Infants of HTLV-IIVLAY Scropositive Mothers 

Use of Analogs of Myristic Acid to Modulate HIV-! 
Assembly Replication 

Pathogenesis of Human Immunadeficrency Virus Infection 


AIDS Clinical Study Group 


Use of Analogs of Myristic Acid to Modulate HIV-! 
Assembly Replication 
Inhibitors of Retroviral Protease 











Dowg las Rachman Vbeofun wn *, | Rew xe wi c ns bw watics “ HIN 
VA Medical Center San Diego 


CONTRACTS 
Thomas C Quinn imcragency Agreement Epidermotogx . \ rologx . and 
NIAID Intramural Research Program immunologx Aspects of HIV Infechon m Zaire 
Prosect Officer 
Marviand Medical Laboratones /n ewre Cultrvahon and 
Veral Charactenwzahon of HIV Isolates 
Johns Hopkunms Lnrveruty The Immunologx Response of 
Herpesvirus Infechoms and Human Retroviral Infecthoms 
HIV HTLV) 
Douglas Rachman Techmgues to Raped Viral Diagnosrs 


VAN : y 
A Medical Center San Dregx Development of Screening Test for HTLV-II 


16 











BIBLIOGRAPHY 


association with cademic Atncan Kapos: 5 sarcoma J. Infect 
Dis. 156-193~197, 1987 


Agumon. J H.. 1 Gram. C.J. Kennedy. D. D. Richman. S. A 


Baker. J. L..G. D. Kelen. K. T. Sivertson, and T. C. Quinn 
AIDS research on humans [letter! /4A.MA 258 1604-1610. 
1o87 


Baker.) L..G. B. Kelen. K. T. Sivertson, and T. C. Quinn 
Unsuspected human immunadeficency virus (HIV) mm critically 
il emergency patients. /. AMA. 257.2609-2611. 1987 


Bell. J.. and L. Ratner Specificity of the polymerase chain 
aruplificahon reachon for HIV-| DNA sequences. A/DS Res. & 
Hum Retrovir (im press) 


Bender. B S.J. F. Bobmsack. S H. Souris, M M_ Frank. 
and TC. Quinn. Demonstration of defective C3 roceptor-me- 


Bender. B. S.. B. L. Dawntson. C Brown, and T C. Quine 
Role of the mononuclear phagocyte system om the emmunopath- 
ogenesss of human mmmunodeficency virus and the 
mmunodeficiency syndrome Rev infect Dis 10-1142-1154. 
1988 


Bender. B. S..T C. Quinn. and). L. Spivak. Homosexual men 


with thrombocytopema have impaired retaculoendothe hal sv stem 
Fo-receptor specific clearance Blood 70-293.295_ 1987 


Bender. B.. and TC. Quinn. Mononuclear phagocytic cells 
and HIV mfection. Rev. Infect. Dis. (im press) 


Bentin. J... C.D. Teowkas, J A McCutchan. S A. Spector, 


deficiency virws. J. Clin Immunol. 9159-168, 1989 


Bost. K.L.. BH. Hahn. MS Saag. GM Shaw. DA 
Weigent. and J E. Blalock. Individuals infected with HIV-! 
contain antibodhes agaist imtericukin-2 /mmunology 65 611 - 
61S, 1988 


Bryant. M.. and L. Ratner. Molecular modification of myris- 


toylated HIV protems UCLA Svmposem on Human Retrow- 
ruses, 1989 


Bryant. M. L.. and L. Ratner 2 ~"ed 
bly of infectious HIV-1. Clin. Res, 1 


Carson. DA. T. Hacrtic. B Wawoen aed D D Richmae 
Baochermcal genetx analyser of 2} cidioons adiemonne meta 
oiresm m human T-lymphacvies Bax tem Buyin, Rey Com 
mun /35/ 788.793. 1988 


Colebunders. R.. H. Francs. MM Duma! Lebegice OG wan 
der Groen. B. Kapaa. T C Quine. WL. Hewward M Braue 
and P. Prot. Climcal sespecwoe of HIV mfcchoe @ HIV.) oo 
ryme-hnked mmmunoassay sTroncgative patent ADS Re 
search and Human Retrowrrus. | 988 


Colebunders. R.. H Frances. ] M lamem A Bole Ll. lrales 
L. Kenpete. T C Quin.) W Curren. and P W Pret Siow 
progression of ilincss cocawonally cocurs am HIN -mfected Al 
ncams. AJDS /:65-66, 1987 


Colebunders. R..H. Francs. | M Mane A M Boe Ll be 
aley. L. Kompute. F. Behets. G. van der Groen. T C Quene 
3. W. Curran, and P. Prot. Persistent darries. strongly acm 
cuted wath HIV mfechon m Aumshawes Zane 4m / Gawroee 
wroal, &2 859-864, 1987 


Colebunders. RH Francs. ) Mo Mane A Mo Site A Amd 
1. Lebughe, P. Gase. E. Van Marck. A M Macher T C 
Quinn. J W. Curran. and P. Prt Parotd «wellmg durng be 
man ommunodeficiency virus infecon Arch COtoervmer 
1/43, 3M0-33), 1988 


Colebunders, R. A_E. Greenberg. H Frances “\ Aatote, P 
Nguyen-Dinh. T C Quinn.) W Curran. and P Pret Acute 
HIV iiness following Mood transfuwor m three Afmcan che 
dren. AJDS 2-1 25-129, 1988 


Colebunders. R. |. A Greenberg. P Newven- Deh. HW Prance 
N. Kabote. L. izaley. F Dewacm. T C Quene. and P Pre 
Evaluation of a chmcal case definition of AIDS m Afncan che 
dren. AIDS 7151-153, 1987 


Colebunders, R.. K Lusskumem. A M Neon P Gogee | 
Lebughe. E. Van-Marck. B Kapita. H Frances. / | Saleen 
and T C. Quinn Persistent diarries @ Zameen AIDS patents 
An endoscopx and histological study Gar 29 168°. 169) 1988 


Colebunders. R.. |] M Miann. MH France. A Bile Ll brates 
M. Ihwaya. N. Kakonde. T C Quien | W Curren ond P 
Put. Herpes zoster m Afncan patents A clmcal predkter of 
hurnan wmmunicficcency verws mfechon / fate De [87 4 
318, 1988 


Colebunders. R..) M Mann. france. A Bile. L ivaley 
N. Kakonde. AF Hod T C Que P Goee — YO Mant 
G. Vercauteren.). W. Curran. and P Prot Generalired papular 


Pruntc cruphon im Afmcan patents with human mmmenmatet) 
ciency virus infection A/DS / 117-121, 1987 


Colebunders. R_ LJ M Mann. HM France. B Kap A 
Ndangi. N. Nzila. T C Quin.G Vande Groen.) W Curren 
and P. Pict. Evaluation of 2 clhecal case defiemen of AIDS 
Africa. Lancet (49).494_ 1987 


17 








Colebunders, R. L.. R. W. Ryder, K. Dikilu, N. Nzilambi, 
J. C. Williams, M. Raboto, B. Nkoko, J. Jeugmans, K. Muepu, 
H. L. Francis, J. M. Mann, T. C. Quinn, and P. Piot. HIV 
infection in patients with tuberculosis in Kinshasa, Zaire. Am. 
Rev. Respir. Dis. (in press). 


Davidson, B. L., R. L. Kline, J. Rowland, and T. C. Quinn. 
Surface markers of monocyte function and activation in the ac- 
quired immunodeficiency syndrome. J. Infect. Dis. 158:483- 
486, 1988. 


Dedera, D., W. Hu, N. Vander Heyden, and L. Ratner. Viral 
protein R (VPR) of HIV -1 and 2 is dispensable for replication 
and cytopathogenicity. /. Virol. (in press). 


Dedera, D., W. Hu, N. Vander Heyden, and L. Ratner. Viral 
protein R (VPR) of HIV-1 and HIV-2 is dispensable for repli- 
cation and cytopathogenicity. Proceedings of the V International 
Conference on AIDS, 1989. 


Dedera, D., and L. Ratner. VPR is dispensable for HIV infec- 


tivity, replication, and cytopathogenicity. UCLA Symposium on 
Human Retroviruses, 1989. 


Dedera, D., N. Vander Heyden, and L. Ratner. Inhibition of 
envelope oligosaccharide processing diminishes HIV-1 infectiv- 
ity. Proceedings of the V International Conference on AIDS, 
1989. 


Farzadegen, H., T. C. Quinn, and B. F. Folk. Detection of 
antibodies to human immunodeficiency virus in dried blood on 
filter papers. J. Infect. Dis. 155:1073-1074, 1987. 


Firestein, G. S., D. R. Reifler, D. D. Richman, and H. E. Gruber. 
Rapid and reversible modulation of T4 (CD4) on monocytoid 
cells by phorbol myristate acetate: Effect on HIV susceptibility. 
Cell. Immunol. 113:63-69, 1988. 


Fischl, M. A., D. D. Richman, D. M. Causey, M. H. Grieco, 
J. D. Y. Bryson, D. Mildvan, O. L. Laskin, J. E. 

R. T. Schooley, G. G. Jackson, D. T. Durack, D. Phil, J. C. 
Andrews, S. Nusinoff-Lehrman, D. W. Barry, and the AZT 
Collaborative Working Group. Prolonged zidovudine therapy in 
patients with AIDS and advanced AIDS-related complex. 
JAM_.A., 1989 (in press). 


Fischl, M. A., D. D. Richman, M. H. Grieco, M. S. Gottlieb, 
P. A. Volberding, O. L. Laskin, J. M. Leedom, J. E. Groop- 
man, D. Mildvan, R. T. Schooley, G. G. Jackson, D. T. Dur- 
ack, D. King, and the AZT Collaborative Working Group. The 
efficacy of 3'-azido-3'-deox ythymidine (azidothymidine) in the 
treatment of patients with AIDS and Al," }-related complex: A 
double-blind placebo-controlled trial. New Engl. J. Med. 317.185- 
191, 1987. 


Fisher, A. G., B. Ensoli, L. lvanoff, M. Chamberlain, S. Pette- 
way, L. Ratner, R. C. Gallo, and F. Wong-Staal. The sor gene 
of HTLV-IIV/LAYV modulates virus propagation in vitro. Science 
237:888-893, 1987. 


Fisher, A. G , B. Ensoli, D. Looney, A. Rose, R. C. Gallo, 





M. S. Saag, G. m. Shaw, B. H. Hahn, and F. Wong-Staal. 
Biologically diverse molecular variants within a single HIV-1 
isolate. Nature 334:444-447, 1988. 


Francis, H. L., M. Kabeya, N. Kafuama, C. Riggins, R. Col- 
ebunders, R. Ryder, J. Curran, L. Izaley, and T. C. Quinn. 
Latex agglutination assay for the detection of antibodies to the 
human immunodeficiency virus: Comparison of sensitivity and 
specificity with an enzyme-linked immunosorbent assay using 
African sera. J. Clin. Microbiol. 26:2462-2464, 1988. 


Francis, H. L., J. Mann, R. L. Colebunders, N. Lubaki, M. 
Duma, B. Kapita, J. Curran, P. Piot, and T. C. Quinn. Sero- 
diagnosis of the acquired immunodeficiency syndrome by en- 
zyme-linked immunosorbent assay compared to cellular 
immunologic in African AIDS patients and controls. 
Am. J. Trop. Med. Hyg. 38:641-—646, 1988. 


Gallo, R. C., L. Ratner, M. Popovic, S. Z. Salahuddin, M. G. 
Sarngadharan, F. Wong-Staal, G. Shaw, B. Hahn, P. D. Mark- 
ham, J. Groopman, B. Safai, M. Reitz, and M. Robert-Guroff. 
The family of human T-lymphotropic retroviruses called human 
T-cell leukemia/lymphoma virus (HTLV): Their role in lym- 
phoid malignancies and lymphosuppressive disorders (AIDS). 
In: P. A. Marks (ed.), Genetics, Cell Differentiation, and Can- 
cer, Academic Press, New York. 


Gibbons, J., M. S. Saag, W. Parks, E. Parks, B. H. Hahn, and 
G. M. Shaw. Genomic diversity of HIV in vivo and in vitro. 
In: D. Bolognesi (ed.), Human Retroviruses, Cancer and Aids: 
Approach to Prevention and Therapy, Volume 71, Alan R. Liss, 
Inc., New York, NY, pp. 75-114, 1988. 


Gingeras, T. R., D. D. Richman, D. Y. Kwoh, and J. C. Gua- 
telli. Methodologies for in vitro nucleic acid amplification and 
their applications. J. Vet. Microbiol., 1989 (in press). 


Grant, I., J. H. Atkinson, J. R. Hesselink, C. J. Kennedy, D. D. 
Richman, S. A. Spector, and J. A. McCutchan. Evidence for 
early central nervous system involvement in the acquired im- 
munodeficiency syndrome (AIDS) and other human immuno- 
deficiency virus (HIV) infections. Ann. Intern. Med. 107:828- 
836, 1987. 


Grant, I., J. H. Atkinson, J. R. Hesselink, C. J. Kennedy, D. D. 
Richman, S. A. Spector, and J. A. McCutchan. Human im- 
munodeficiency virus-associated neurobehavioral disorder. J. 
Royal. Coll. Physicians Lond. 22:149-157, 1988. 


Greenberg, A. E., P. Nguyen-Dinh, J. M. Mann, N. Kabote, 
R. L. Colebunders, H. Francis, T. C. Quinn, P. Baudoux, B. 
Lyamba, F. Davachi, J. M. Roberts, N. Kabeya, J. W. Curran, 
and C. C. Campbell. The association between malaria, blood 
transfusions, and HIV seropositivity in a pediatric population in 
Kinshasa, Zaire. J.A.M.A. 259:545-549, 1988. 


Greenblat:, R. M., S. A. Lukehart, T. C. Quinn, F. A. Pium- 
mer, C. W. Critchlow, A. R. Ronald, L. J. D’Costa, J. O. Ndi- 
nya-Achola, and K. K. Holmes. Risk factors for human 
immunodeficiency virus infection in Kenya patients with genital 


ulcers: Correlation with past genital ulcer disease. AJDS 2:47- 
SO, 1988. 


Guatelli, J. C., T. R. Gingeras, and D. D. Richman. Nucleic 
acid amplification in vitro: The detection of sequences with low 
copy numbers and the amplification to the diagnosis of HIV-1 
infection. Clin. Microbiol. Rev. 2:217-226, 1989. 


Haase, A. T. Analysis of lentivirus infections by in situ hy- 
bridization. In: Jn Situ Hybridization in Retroviral Infections 
Workshop 1988, Karger Publishers, Basel, Switzerland, 1989. 


Haase, A. T. Biology of human immunodeficiency virus and 
related viruses. In: K. K. Holmes, P. A. Mardh, P. F. Sparling, 
and P. J. Wiesner (eds.), Sexually Transmitted Diseases, Second 
Edition, McGraw Hill, New York, pp. 305-315, 1990. 


Haase, A. T. Infections caused by lentiviruses: An overview. 
In: R. G. Douglas, Jr., G. L. Mandell, J. E. Bennett (eds.), 
Principles and Practice of Infectious Diseases, Third Edition, 
John Wiley & Sons, Inc., 1988. 


Haase, A. T. Visna virus infection: A retrovirus-induced im- 
mune disease of the central nervous system. In: J. M. Andrieu, 
J. F. Bach, and P. Even (eds.), Autoimmune Aspects of HIV 
Infection, Royal Society of Medicine Services, Ltd., pp. 41- 
45, 1988. 


Haertle, T., C. J. Carrera, J. S. McDougal, L. C. Sowers, D. D. 
Richman, and D. A. Carson. Metabolism and anti-HIV activity 
of 2-halo-2’,3'-dideoxyadenosine derivatives. J. Biol. Chem. 
263:5870-5875, 1988. 


Hahn, B. H., L. |. Kong, S-W. Lee, J. Kappes, D. Decker, J. 
Hoxie, and G. M. Shaw. Molecular and biological characteri- 
zation of an HIV-2 isolate from a healthy Senegalese woman. 
In: Proceedings of the Deuxieme Colloque des Cent Gardes, 
Paris, France, pp. 44-50, 1988. 


Hahn, B. H., L. |. Kong, S-W. Lee, P. Kumar, M. E. Taylor, 
S. K. Arya, and G. M. Shaw. Molecular analysis of HTLV-4: 
Relation to simian and human immunodeficiency-associated vi- 
ruses. Nature 330:184—186, 1987. 


Han, B. H., P. Kumar, M. E. Taylor, S. K. Arya, and G. M. 
Shaw. Molecular cloning and nucleotide sequence analysis of 
HTLV-4: Comparison to other human and simian immunode- 
ficiency-associated viruses. In: D. Bolognesi (ed.), Human Re- 
troviruses, Cancer and AIDS: Approach to Prevention and 
Therapy, Volume 71, Alan R. Liss, Inc., New York, NY, pp. 
57-74, 1988. 


Hahn, B. H., and G. M. Shaw. Genetic variability in human 
immunodeficiency viruses. In: S. Putney and D. Bolognesi (eds.), 
AIDS Vaccine: Basic Research and Clinical Trials. Marce| Dek- 
ker, 1989 (in press). 


Hahn, B. H., andG. M. Shaw. Genetic variation among isolates 
of HIV-1 and HIV-2. In: K. S. Steimer and P. Luciw (eds.), 


HIV Detection by Genetic Engineering Methods, Marcel Dekker, 
pp. 257-273, 1989. 


Hu, W., N. Vander Heyden, and L. Ratner. Analysis of VPX 
function in HIV-2 infected cells. UCLA Symposium on Human 
Retroviruses, 1989. 


Jameson, B. A., P. E. Rao, L. E. Kong, B. H. Hahn, G. M. 
Shaw, L. E. Hood, and S. B. Kent. Location and chemical 
synthesis of a binding site for HIV-1 on the CD4 protein. Science 
240:1335-1339, 1988. 


Jarvik, J. G., J. R. Hesselink, C. Kennedy, R. Teschke, C. 
Wiley, S. Spector, D. D. Richman, and J. A. McCutchan. Ac- 
quired immunodeficiency syndrome: Magnetic resonance pat- 
terns of brain involvement with pathologic correlation. Arch. 
Neurol. 45:731-738, 1988. 


Kanki, P. J., J. Allan, F. Barin, R. Redfield, N. Clumeck, T. 
Quinn, F. Mowovondi, L. Thiry, A. Burny, D. Zagury, E. Petat, 
P. Kocheleff, K. Pascal, 1. Lausen, B. Fredericksen, J. Craig- 
head, S. M’Boup, F. Denis, J. W. Curran, J. Mann, H. Francis, 
M. Albaum, K. Travers, M. F. McLane, T. H. Lee, and M. 
Essex. Absence of antibodies of HIV-2/HTLV-4 in six central 
African nations. AJDS Res. & Hum. Retrovir. 4(3):317-322, 
1987. 


Kappes, J. C., C. D. Morrow, S-W. Lee, B. A. Jameson, 
S. B. H. Kent, L. E. Hood, G. M. Shaw, and B. H. Hahn. 
Identification of a novel retroviral gene unique to HIV-2 and 
SIV wac. J. Virol. 62:3501-—3505, 1988. 


Kelen, G. D., T. DiGiovanna, L. Bisson, D. Kalainor, K. T. 
Sivertson, and T. C. Quinn. Human immunodeficiency virus 
infection in emergency department patients: Epidemiology, clin- 
ical presentations and risk to health care workers: The Johns 
Hopkins experience. J.A.M.A. 262:516-522, 1989. 


Kelen, G. D., S. Fritz, B. Qagish, R. Brookmeyer, J. L. Baker, 
R. L. Kline, R. m. Cuddy, T. K. Goessel, D. J. Floccare, K. T. 
Sivertson, S. Altman, and T. C. Quinn. Unrecognized HIV in- 
fection in general emergency patients. N. Engl. J. Med., 1988, 
pp. 1645-1650. 


Kelen, G. D., S. Fritz, B. Qagish, D. Floccare, J. L. Baker, 
T. DiGiovanna, K. T. Sivertson, and T. C. Quinn. Substantial 
increase in human immunodeficiency virus (HIV-1) infection in 
critically ill emergency patients. Ann. Emerg. Med. 18:378- 
382, 1989. 


Kline, R. L., T. A. Brothers, R. Brookmeyer, S. Zeger, and 
T. C. Quinn. Evaluation of human immunodeficiency virus (HIV) 
seroprevalence in population surveys using pooled sera. J. Clin. 
Microbiol. 27:1449-1452, 1989. 


Kong, L. I., S-W. Lee, J. Kappes, J. Parkin, D. Decker, J. 
Hoxie, B. H. Hahn, and G. M. Shaw. West African HIV-2 
related human retrovirus with attenuated cytopathogenicity. Sci- 
ence 240:1525-1529, 1988. 





Kornbluth, R. S., P. S. Oh, J. R. Munis, P. H. Cleveland, and 
D. D. Richman. Interferons and bacterial lipopolysaccharides 
protect macrophages from productive infection by HIV in vitro. 
J. Exp. Med. 169:1137-1151, 1989. 


Kumar, P., H. Hui, J. C. Kappes, B. S. Haggerty, J. A. Hoxie, 
S. K. Arya, G. M. Shaw, and B. H. Hahn. Molecular char- 
acterization of an attenuated isolate of HIV-2. J. Virol. (in press). 


Larder, B., G. Darby, and D. D. Richman. HIV with reduced 
sensitivity to zidovudine isolated during prolonged therapy. Sci- 
ence 243:1731-1734, 1989. 


Laughon, B. E.,D. A. Druckman, A. A. Vernon, T. C. Quinn, 
B. F. Polk, J. F. Modlin, R. H. Yotken, and J. G. Bartlett. 
Prevalence of enteric pathogens in homosexual men with and 
without acquired immunodeficiency syndrome. Gastroenterol- 
ogy 94:984-993, 1988. 


Lee, S-J., W. Hu, A. G. Fisher, D. J. Looney, H. Mitsuya, L. 
ratner, and F. Wong-Staal. The role of the carboxy-terminal 
portion of the HIV-1 transmembrane protein in viral transmission 
and cytopathogenicity. A/DS Res. & Hum. Retrovir. (in press). 


Lee, S-W., J. C. Kappes, W. D. Decker, J. Park, C. D. Mor- 
row, S. Su, L. |. Kong, R. C. Desrosiers, G. M. Shaw, and 
B. H. Hahn. The role of vpx in the lifecycle of HIV-2. Pro- 
ceedings of the Troisieme Colloque des Cent Gardes, Paris, 
France, 1989. 


Mann, J. M., J. Chin, P. Piot, and T. C. Quinn. The interna- 
tional epidemiology of AIDS. Sci. Am., 1988, pp. 82-89. 


Mann, J. M., N. Nzilambi, P. Piot, N. Bosenge, M. Kalala, 
H. Francis, R. C. Colebunders, P. K. Azila, J. W. Curran, and 
T. C. Quinn. Human immunodeficiency viral infection and as- 
sociated risk factors in female prostitutes in Kinshasa, Zaire. 
AIDS 2:249-254, 1988. 


Mann, J. M., T. C. Quinn, P. Piot, N. Bosenge, N. Nzilambi, 
M. Kalala, H. Francis, R. L. Colebunders, R. Byers, P. K. 
Azila, N. Kabeya, and J. W. Curran. Condoms as a preventative 
measure against transmission of HTLV-III/LAV infection among 
prostitutes in Africa. N. Engl. J. Med. 316:345, 1987. 


McCormick, V. B., J. W. Krebs, S. W. Mitchell, P. M. Feo- 
rino, J. P. Getchell, W. Odio, B. Kapita, T. C. Quinn, and P. 
Piot. Isolation of LAV/HTLV-III virus from African AIDS pa- 
tients and from persons without AIDS of IgG antibody to LAV/ 
HTLV-IIl. Am. J. Trop. Med. Hyg. 36:102—106, 1987. 


McNearney, T., B. Thielan, P. Westervelt, R. Whittier, D. 
Trowbridge, J. Garcia, and L. Ratner. Biological significance 
of HIV-1 envelope heterogeneity. Clin. Res., 1989. 


McNearney, T., B. Thielan, R. Whittier, D. Trowbridge, and 
L. Ratner. Biological significance of HIV-1 envelope hetero- 
geneity. UCLA Symposium on Human Retroviruses, 1989. 


McNearney, T., P. Westervelt, B. J. Thielan, D. Trowbridge, 
J. Garcia, and L. Ratner. Biological significance of HIV-1 en- 





velop heterogeneity. Proceedings of the V International Con- 
ference on AIDS, 1989. 


Merigan, T. C., G. Skowron, S. Bozzette, D. D. Richman, R. 
Uttamchandani, R. Schooley, M. Hirsch, W. Soo, C. Pettinelli, 
H. Schaumburg, and the ddC Study Group of the AIDS Clinical 
Trials Group. Circulating p24 antigen levels and responses to 
dideoxycytidine in human immunodeficiency virus (HIV) infec- 
tions. Ann. Intern. Med. 110:189-194, 1989. 


Mildvan, D., and D. D. Richman. Strategies for the treatment 
of human immunodeficiency virus infection. In: M. S. gottlieb 
et al. (eds.), Current Topics in AIDS, Volume 2, J. Wiley & 
Sons, Chicester, 1989. 


Modrow, S., B. H. Hahn, G. M. Shaw, R. C. Gallo, F. Wong- 
Staal, and H. Woif. Secondary structure analysis of the envelope 
amino acid sequences of 7 isolates of HTLV-III/LAV. J. Virol. 
61:570-578, 1987. 


Mosier, D. E., R. J. Gulizia, S. M. Baird, S. Spector, D. Spec- 
tor, T. J. Kipps, R. 1. Fox, D. A. Carson, N. Cooper, D. D. 
Richman, D. B. Wilson. Studies of HIV infection and the de- 
velopment of Epstein-Barr virus-related B-cell lymphomas fol- 
lowing transfer of human lymphocytes to mice with severe 
combined immunodeficiency. Springer-Verlag, 1989. 


N’Galy, B., R. W. Ryder, K. Bila, M. Kashamuka, R. L. Col- 
ebunders, H. Francis, J. M. Mann, and T. C. Quinn. Human 
immunodeficiency virus infection among employees in an Af- 
rican Hospital. N. Engl. J. Med. 319:1123—1127, 1988. 


N’Galy, B., R. Ryder, and T. C. Quinn. Human immunode- 
ficiency virus infection among employees in an African hospital 
[letter]. N. Engl. J. Med. 320:1625—1626, 1989. 


Nguyen-Dinh, P. A. E. Greenberg, J. M. Mann, N. Kabote, 
H. Francis, R. L. Colebunders, A. Y. Huong, T. C. Quinn, F. 
Davachi, B. Lyamba, K. Kalemba, and B. Embonga. Absence 
of association between Plasmodium falciparum malaria and hu- 
man immunodeficiency virus infection in children in Kinshasa, 
Zaire. Bull. WHO 65(5):607-613, 1987. 


Niederman, T., and L. Ratner. The human immunodeficiency 
virus type | negative factor (nef) is a transcriptional silencer. 
Clin. Res., 1988. 


Niederman, T., and L. Ratner. NEF responsive sequences (NRS) 
of the HIV-1 LTR mediate transcriptional suppression. UCLA 
Symposium on Human Retroviruses, 1989. 


Neiderman, T., B. J. Theilan, and L. Ratner. The human im- 
munodeficiency type | negative factor (nef) is a transcriptional 
silencer. Proc. Natl. Acad. Sci. USA 86:1128—1132, 1989. 


Pauza, C. D., J. Galindo, and D. D. Richman. Human im- 
munodeficiency virus infection of monoblastoid cells: Cellular 
differentiation determines the pattern of virus replication. J. 
Virol. 62:3558-—3564, 1988. 











Pepose, J. S., S. MacRae, T. C. Quinn, and J. W. Ward. Stud- 
ies of human immunodeficiency virus infection of human cor- 
neas. 1. Serologic markers following the transplantation of comeas 
from donors infected with human immunodeficiency virus. Oph- 
thalmology 103-798-801 , 1987. 


Pepose, J. S., C. Newman, T. C. Quinn, M. C. Bach, G. N. 
Holland, R. Ambinder, H. M. Frey, and R. Y. Foos. Pathologic 
features of cytomegalovirus retinopathy after treatment with the 
antiviral agent ganciclovir. Ophthalmology 94:414-424, 1987. 


Pepose, J. S., F. Pardo, J. A. Kessler, Il, E. Donegan, and 
T. C. Quinn. Screening cornea donors for antibodies against 
human immunodeficiency virus: Efficacy of ELISA testing of 
cadaveric sera and aqueous humor. Ophthalmology 94:95-—100, 
1987. 


Polmar, S. H., R. Whittier, and L. Ratner. Immunological and 
virological studies of a cohort of premature infants that received 
blood from the same HIV-infected donor. Pediatr. Res. 23:467A, 
1988. 


Quinn, T. C. AIDS in Africa: Evidence for heterosexual trans- 
mission of the human immunodeficiency virus (HIV). N.Y. State 
J. Med. 87:286-289, 1987. 


Quinn, T. C. Epidemiologic and clinical aspects of the acquired 
immune deficiency syndrome. Delaware Medical Journal 56:72\- 
730, 1984. 


Quinn, T. C. The epidemiology of human immunodeficiency 
virus. Ann. Emerg. Med. (in press). 


Quinn, T. C. Interaction of the human immunodeficiency virus 
(HIV) and tuberculosis: Implications for BCG vaccination. Rev. 
Infect. Dis. 11:S379-S384, 1989. 


Quinn, T. C. Perspective on the AIDS epidemic: The experience 
within the United States. Bull. Pan Am. Health Organ. 105:475- 
489, 1989. 


Quinn, T. C. Use of rapid screening test for detection of HIV 
infection in developing countries. J.A.M.A. 26/:1147-1153, 
1989. 


Quinn, T. C., A. S. Fauci, D. Glasser, C. W. Campbell, and 
E. W. Hook. Screening for HIV infection in sexually transmitted 
diseases clinics [letter]. N. Engl. J. Med. 319:24, 1988. 


Quinn, T. C., D. Glasser, R. O. Cannon, D. L. Matuszak, R. W. 
Dunning, R. L. Kline, C. H. Campbeil, E. Israel, A. S. Fauci, 
and E. W. Hook, III. Human immunodeficiency virus infection 
among patients attending clinics for sexually transmitted dis- 
eases. N. Engl. J. Med. 318:197—202, 1988. 


Quinn, T. C., P. Piot, J. B. McCormick, F. M. Feinsod, H. 
Taelman, B. Kapita, and A. S. Fauci. Serologic and immuno- 
logic studies in patients with the acquired immunodeficiency 
syndrome in North America and Africa: The potential role of 
infectious agents as cofactors in HIV infection. J.A.M.A.257:2617- 
2621, 1987. 


Quinn, T. C., C. H. Riggin, R. L. Kline, H. Francis, K. Mu- 
langa, M. G. Sension, and A. S. Fauci. Rapid latex agglutin- 
ation assay using recombinant envelope polypeptide for the 
detection of antibody to the human immunodeficiency virus. 
JAM_.A. 260-510-513, 1988. 


Quinn, T. C., F. R. K. Zacarias, and R. K. St. John. AIDS in 
the Americas: An emerging public health crisis. N. Engl. J. 
Med. 320:1005—1007, 1989. 


Quinn, T. C., F. R. K. Zacarias, and R. K. St. John. HIV and 
HTLV-1 infection in the Americas: A regional perspective. Med- 
icine 68:189-209, 1989. 


Ratner, L. The family of immunosuppressive human retrovi- 
ruses. Minireview. AIDS Targetted Information Newsletter 1:\- 
2, June 1987. 


Ratner, L. The human immunodeficiency virus protease and its 
role in virus replication. Minireview. AIDS Targetted Infor- 
mation Newsletter 2:\-2, February 1988. 


Ratner, L. Human immunodeficiency virus-associated autoim- 
mune thrombocytopenic purpura: Review. Am. J. Med. 86:194- 
198, 1989. 


Ratner, L. Is the HIV envelope guilty of murder? Minireview. 
AIDS Targetted Information Newsletter 1:\-2, January 1987. 


Ratner, L. Molecular variation among HTLYV isolates. In: W. 
Blattner (ed.), Current Issues in Human Retrovirology: HTLV. 


Ratner, L. Role of the negative factor (nef) in HIV and SIV 
replication. AJDS Targetted Information Newsletter 3:\-2, March 
1989. 


Ratner, L. Quantitative measures of human immune deficiency 
virus and their clinical utility. AJDS Res. & Hum. Retrovir. 
S:115-119, 1989. 


Ratner, L., and M. L. Bryant. Myristoylation dependent assem- 
bly of infectious HIV-1. Proceedings of the V International 
Conference on AIDS, 1989. 


Ratner, L., A. Fisher, L. L. Jagodzinski, H. Mitsuya, R-S. 
Liou, R. C. Gallo, and F. Wong-Staal. Complete nucleotide 
sequences of functional clones of the AIDS virus. A/DS Res. & 
Hum. Retrovir. 3:57-59, 1987. 


Ratner, L., W. Hu, and N. Vander Heyden. Analysis of VPX 
function in HIV-2 infected cells. Proceedings of the V Inter- 
national Conference on AIDS, 1989. 


Ratner, L., and T. Niederman. Analysis of the function of the 
HIV-1 R and 3’orf gene products. Proceedings of the 1V Inter- 
national Conference on AIDS, June 1988. 


Ratner, L., and T. Niederman. Analysis of the HIV-1 R and F 
gene products. Clin. Res., 1988. 


21 





Ratner, L., and T. Niederman. Characterization of the HIV-| 
R and F gene products. Cold Spring Harbor RNA Tumor Virus 
Meeting, May 1988. 


Ratner, L., and T. M. J. Niederman. The human immunode- 
ficiency virus type | negative factor is a transcriptional silencer. 
Blood, 1988. 


Ratner, L., and T. Niederman. NEF responsive sequences (NRS) 
of the HIV-1 LTR mediate transcriptional suppression. Pro- 
ceedings of the V International Conference on AIDS, 1989. 


Ratner, L, S. H. Polmar, N. paul, and N. H. Ruddile. Cytotoxic 
factors secreted by cells infected by human immunodeficiency 
virus type |. Proceedings of the Ill International Conference on 
AIDS. Washington, DC, June 1987. 


Ratner, L., B. Starcich, A. Fisher, E. Collalti, W. Haseltine, 
M. L. Pearson, K. Livak, P. Reddy, S. F. Josephs, R. C. Gallo, 
and *. Wong-Staal. Characterization of structure of structure- 
function relations of proteins encoded by the genome of the 
AIDS virus, HTLV-III. Clin. Res. 33:386A, 1985. 


Ratner, L., B. Starcich, A. Fisher, E. Collalti, W. Haseltine, 
M. L. Pearson, K. Livak, E. P. Reddy, S. F. Josephs, R. C. 
Gallo, and F. Wong-Staal. Characterization of structure of struc- 
ture-function relations of proteins encoded by the genome of the 
AIDS virus, HTLV-II. Cold Spring Harbor RNA Tumor Virus 
Meeting, May 1985. 


Ratner, L., B. Starcich, S. F. Josephs, B. H. Hahn, E. P. Reddy, 
A. J. Livak, S. P. Pettaway, M. L. Pearson, W. A. Haseltine, 
S. K. Arya, and F. Wong-Staal. Polymorphism of the 3’ open 
reading frame and the long terminal repeat sequences of the 
virus associated with the acquired immunodeficiency syndrome, 
human T-lymphotropic virus type Ill. Nucleic Acids Res. 13:8219- 
8229, 1985. 


Ratner, L., and B. Thielan. Trans-activation of LTR-mediated 


gene expression is not a general property of retrovirus replica- 
tion. Proc. Am. Soc. Microbiol., March 1987. 


Ratner, L., N. Vander Heyden, and C. Rodi. Analogs of 3’ amino- 
3‘deoxyadenosine inhibit HIV-1 replication. Proceedings of the 
V International Conference on AIDS, \989. 


Ratner, L., and F. Wong-Staal. Human lymphotropic retrovi- 
ruses. In: S. O'Brien, Genetic Maps, Cold Spring Harbor Press, 
1987. 


Richman, D. D. The clinical use of anti-HIV agents. In: E. 
deClercg (ed.), Design of Anti-AIDS Drugs, Elsevier, Amster- 
dam, 1989 (in press). 


Richman, D. D. Dideoxynucleosides are less inhibitory in vitro 
against HIV-2 than HIV-1. Antimicrob. Agents Chemother. 
317:1879-1881, 1987. 


Richman, D. D. HIV and other retroviruses. In: G. J. Galasso, 
T. C. Merigan, and R. C. Whitley (eds.), Antiviral Agents and 
Viral Diseases of Man, Third edition, Raven Press, New York, 
1989. 


22 


Richman, D. d. HIV—Am ~iral therapy. In: S. L. Gorbach, 
J. G. Bartlett, and N. R. Blacklow (eds.), /nfectious Disease in 
Medicine and Surgery, First edition, W. B. Saunders, Phila- 
delphia, 1989. 


Richman, D. D. Public access to experimental drug therapy: 
AIDS raises yet another conflict between freedom of the indi- 
vidual and welfare of the individual and the public. J. Infect. 
Dis. 159-412-415, 1989. 


Richman, D. D. The treatment of HIV infection. AJDS 2(suppl. 
1):S137-S142, 1988. 


Richman, D. D. The treatment of HIV infection: Azidothymi- 
dine (AZT) and other new antiviral drugs. /nfectious Disease 
Clinics of North America 2:397—407, 1988. 


Richman, D. D. The treatment of HIV infection: Azidothymi- 
dine (AZT) and other new antiviral drugs. In: M. A. Sande and 
P. A. Volberding (eds.), The Medical Management of AIDS, 
W. B. Saunders Co., Philadelphia, 1988. 


Richman, D. D., J. Andrews, and the AZT Collaborative Work- 
ing Group. Results of continued monitoring of participants in 
the placebo-controlled trial of zidovudine for serious human 
immunodeficiency virus infection. Amer. J. Med. 8&5(suppl 
2A):208-213, 1988. 


Richman, D. D., M. A. Fischl, M. H. Grieco, M. S. Gottlieb, 
P. A. Volberding, O. L. Laskin, J. M. Leedom, J. E. Groop- 
man, D. Mildvan, M. S. Hirsch, G. G. Jackson, D. T. Durack, 
S. Nusinoff-Lehrman, and the AZT Collaborative Working Group. 
The toxicity of 3’-azido-3'-deox ythymidine (azidothymidine) in 
the treatment of patients with AIDS and AIDS-related complex: 
A double-blind, placebo-controlled trial. New Engl. J. Med. 
317:192-197, 1987. 


Richman, D. D., R. S. Kornbluth, and D. A. Carson. Failure 
of dideox ynucleosides to inhibit HIV replication in cultured hu- 
man microphages. J. Exp. Med. 166:1144—1149, 1987. 


Richman, D. D., J. A. McCutchan, and S. A. Spector. De- 
tecting human immunodeficiency virus RNA in peripheral blood 
mononuclear cells by nucleic acid hybridization. J. /ufect. Dis. 
156:823-827, 1987. 


Richman, D. D., H. Mitsuya, S. Broder, and K. Y. Hostetler. 
Fusidic acid, HIV, and host cell toxicity [letter]. Lancet i, 1988. 


Ryder, R. W., W. Nsa, S. E. Hassig, F. Behets, T. C. Quinn, 
M. Rayfield, B. Ekungola, A. M. Nelson, H. Francis, K. 
Mwandagalirwa, L. Ndongala, U. Mulenda, M. Rogers, A. 
Greenberg, J. Mann, P. Piot, and J. W. Curran. Perinatal trans- 
mission of the human immunodeficiency virus in 482 infants 
born to seropositive women in two hospitals in Zaire. N. Engl. 
J. Med. 320:1637-1642, 1989. 


Saag, M. S., B. H. Hahn, J. Gibbons, Y. Li, E. S. Parks, W. P. 
Parks, and G. M. Shaw. Extensive variation of HIV-1I in vivo. 
Nature 334:440-444, 1988. 











Schmitt, F. A., J. W. Bigley, R. McKinnis, P. E. Logue, R. W. 
Evans, J. L. Drucker, and the AZT Collaborative Working Group. 
Neuropsychological outcome of zidovudine (AZT) treatment of 
patients with AIDS and AIDS-related complex. N. Engl. J. Med. 
319:1573-1578, 1988. 


Schrier, R. D., J. W. Gnann, Jr., R. Landes, C. ockshin, D. D. 
Richman, J. A. McCutchan, C. J. Kennedy, M. B. Oldstone, 
and J. A. Nelson. T-cell recognition of HIV synthetic peptides 
in a natural infection. J. Jmmunol. 142:1166—1176, 1989. 


Sension, M. G., L. E. Markowitz, N. Nzilambi, M. J. Linnan, 
R. W. Ryder, S. T. Jones, H. L. Francis, M. Duma, and T. C. 
Quinn. Measles in hospitalized African children infected with 
human immunodeficiency virus. Am. J. Dis. Child. 142:127\- 
1272, 1988. 


Simoes, E. A. F., P. G. Babu, T. J. John, S. Nirmala, S. Sol- 

omon, C. S. Lakshminarayana, and T. C. Quinn. Evidence for 

HTLV-II infection in prostitutes in Tamil Nadu (India). /ndian 
. Med. Res. 85:335-—338, 1987. 


J 

Smith, R. S., R. B. Naso, J. Rosen, A. Whalley, Y. Hom, K. 
Hoey, C. J. Kennedy, J. A. McCutchan, S. A. Spector, and 
D. D. Richman. Antibody to a synthetic oligopeptide in subjects 
at risk for human immunodeficiency virus infection. J. Clin. 
Microbiol. 25:1498—1504, 1987. 


Smith, R. S.,S. B. Viel, S. S. Fong, D. E. Parks, S. Westrick, 
and D. D. Richman. Simultaneous detection of antibody to the 
human immunodeficiency virus and of the surface antigen of 
hepatitis B virus in human serum. J. Infect. Dis. 157:812-816, 
1988. 


Smith, R. S., S. B. Viel, S. S. Fong, S. Westrick, and D. D. 
Richman. Simultaneous detection of antibody to human im- 
munodeficiency virus and hepatitis surface antigen. In: W. S. 
Robinson, K. Koike, and H. Will (eds.), Hepadna Viruses, 
Symposia on Molecular and Cellular Biology, New Series, Vol- 
ume 70, Alan R. Liss, Inc., New York, N.Y., pp. 451-459, 
1987. 


Spector, S. A., C. Kennedy, J. A. McCutchan, S. A. Bozzette, 
R. C. Straube, J. D. Connor, and D. D. Richman. Antiviral 
effect of zidovudine and ribavirin in clinical trials. J. Infect. 
Dis. 159:822-828, 1989. 


Spielberg, F.. C. M. Kabeya, R. W. Ryder, N. K. Kifuam, J 
Harris, T. R. Bender, W. L. Heyward. K. Auditore-Har- 
greaves, and T. C. Quinn. Comparative evaluation of rapid vi- 
sually read HIV antibody screening assays at Mama Yemo 
Hospital, Kinshasa, Zaire. Lancet (580-584, 1989. 


Spivak, J. L., D. C. Barnes, E. Fuchs, and T. C. Quinn. Serum 
immunoreactive ietin in human immunodeficiency virus 
infection. J.A.M.A. 26/:3104-3107, 1989. 


Thielan, B. J., E. Hunter, R. C. Desrosiers, and L. Ratner. 
Transactivation of long terminal repeat sequence-mediated gene 


expression is not a general property of type D retrovirus repli- 
cation. J. Gen. Virol. 68:2265-2270, 1987. 


Vander Heyden, N., and L. Ratner. Analogs of 3'-amino-3'- 
deoxyadenosine inhibit HIV-! replication. A/DS Res. & Hum. 
Retrovir. (in press). 


Wabwire-Mangen, F., D. Serwadda, N. 1. Sewankambo, R. D. 
Mugerwa, C. J. Shiff, D. Viahor, W. L. Heyward, and T. C. 
Quinn. Experience with the WHO clinical case definition for 
AIDS in Uganda. A/DS (in press). 


Wabwire-Manager, F., C. J. Siff, D. Viahov, R. Kline, D 
Serwadda, N. K. Sewnkambo, R. D. Mugerwa. and T. C. Quinn. 
Immunological effects of HIV-1 infection on the humoral re- 
sponse to malaria in an African population. Am. J. Trop. Med. 


Hyg. (in press). 


Westervelt, P., T. McNearney, B. J. Thielan, D. Trowbridge. 
J. Garcia, and L. Ratner. Limited sequence heterogeneity be- 
tween lymphocyte- and monocyte-tropic HIV-1! isolates. Cold 
Spring Harbor RNA Tumor Virus Meeting, 1989. 


Wong-Staal, F., B. Hahn, G. M. Shaw, S. K. Arya. M. Harper, 
L. Ratner, B. Starcich, T. Okamoto, S. F. Josephs, and R. C. 
Gallo. Molecular characterization of human T-lymphotropic vi- 
rus type III associated with the acquired immunodeficiency syn- 
drome. In: N. Miwa (ed.), Retroviruses in Human Lymphoma 
Leukemia, Jap. Soc. Sci. Press. 


Wu, A. W., W. C. Mathews, L. T. Brysk, J. H. Akinson, 1. 
Grant, |. Abramson, C. J. Kennedy, J. A. McCutchan, S. A. 
Spector, and D. D. Richman. Quality of life in a placebo-con- 
trolled trial of zidovudine in patients with AIDS and AIDS- 
related complex. J. Acquired Immune Deficiency Syndrome , \989. 


23 





Japanese AIDS Panel 


BROAD GOALS 


When AIDS emerged as a new medical entity in 1981 and 
its pandemic expansion was recognized to be a new, global 
threat in 1984, cooperative activities in AIDS research between 
Japan and the United States were proposed and the possibility 
of establishing new panels on AIDS in the Japan-U.S. Co- 
operative Medical Science Program (CMSP) was discussed. In 
June 1987. on the occasion of the Third International Confer- 
ence on AIDS in Washington, D.C., a preliminary mecting 
was held between groups of AIDS experts of Japan and the 
United States and an agreement was reached to establish AIDS 
Panels with the guidelines cited below. 

The Subcommittee on Program Review and Planning of CMSP 
met in July 1987, in Bethesda, Maryland, and reached a con- 
sensus that AIDS Panels be added to the Program. Later. the 
Joint Delegation of the Program adopted this recommendation 
to establish new AIDS Panels. 

Broad goals establishing research areas of high interest were 
incorporated into guidelines for both Panels. 

In January 1988, five panel members were designated and 
the first meeting of Japanese Panel was held on January 27, 
1988. The panel selected Dr. Yuichi Shiokawa (Juntendo Uni- 
versity Medical School) as Chairman, Dr. Takashi Kitamura 
(National Institute of Health) as Secretary and 20 other sci- 
entific members. In April 1988, an AIDS Research Center 
consisting of 5S laboratories and 20 scientific staff was estab- 
lished in the National Institute of Health (JNIH), Tokyo, and 
was designated as the secretariat of the Japanese AIDS Panel. 


PROGRESS IN PRIORITY AREAS 


The Japanese AIDS Panel worked in cooperation with the 
AIDS Surveillance Committee of the Ministry of Health and 
Welfare (MHW), several working groups in various aspects of 
AIDS-sponsored by research grants from MHW, and the Japan 
AIDS Research Society (JARS) organized in December 1987. 
The first Joint Conference on AIDS and Joint AIDS Pane! 
Meeting were held in Tokyo in December 1988, and the second 
Conference in January 1990, in New Orleans. Progress by the 
Japanese AIDS Panel reported or scheduled for those meetings 
is as follows: 


1. Anti-HIV Chemotherapeutics 


4. Screening System of Anti HIV Drugs: 


Prof. N. Yamamoto’s group (Yamaguchi University) de- 
veloped a quantitative and reproducible system in vitro of 
screening anti-HIV ics employing a) HIV growth 
suppression in MT-4 cell line (human T-cell line transformed 
by HTLV-1! virus, having high sensitivity to HIV infection) 
and b) suppression of cell fusion by HIV between MT-4 cell 
lines of persistently infected and normal cells. Using their 
system, they screened a series of chemicals: A nucleoside an- 
alogue, 2,3-didehydro, 2,3-dideox ythimidine (DHT) and a su!- 
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fated polysacchaide, lentinan sulfate (LS). was found to be 
potent HIV replication inhibitors comparable with AZT. LS 
inhibited HIV -induced T-cell fusion. while DHT and AZT did 
not. 


B. HIV Inhibitors through ep4! Glycosylation: 


Group of JNIH (H. Shimizu ct al.) screened a senes of deoxy- 
nojirimycin derivatives in Yamamoto’s system and found two 
derivatives to be potent HIV growth inhibitors. The mechanism 
of activity of one derivative (ND9OO) was analyzed and im- 
hibition of glycosylation of an envelope protein, gp4l, was 
suggested to be the main cause of inhibition. Two glycosylation 
inhibitors allowed the formation and release of morphologically 
intact HIV virions in the first cycle of infection but formed 
virions were noninfectious and could not repeat the cycle. 


C. Enhancement of HIV Replication by Tumor Necrosis 
Factor (TNF): 


The group of N. Kobayashi ct al. (Yamaguchi University) 
demonstrated that the addition of a monokine, TNF, enhanced 


the expression of HIV. HIV infection of MT-4 cells and re- 
sulting cytopathic effects were accelerated im the presence of 
TNF. The effect of TNF was observed within | hour after 
addition. The detailed mechanism of the enhancing effect of 
TNF on HIV infection remains to be elucidated, but their find- 
ings per se may suggest that some lymphokine(s) may serve 
in facilitating the progress of HIV infection. 


2. Therapy of HIV Carriers and AIDS Patients 


A. Treatment of AIDS Patients by CSF : 


Dr. F.Takaku and colleagues (Tokyo University Medical 
School) tried recombinant glanulocytes colony stimulating fac- 
tors (rCSFs), G-CSF, for the treatment of four AIDS cases. 
G-CSF significantly improved the number andh)function of 
granulocytes im clinical AIDS patients, and clinical conditions 
also improved. G-CSF may be useful in treating opportunistic 
infections in AIDS patients. Combined use with AZT may also 
be proposed, in both reducing the hypogranulocytosis as an 
adverse effect of AZT and potentiating the recovery from the 
opportunistic infections. 


B. Cohort Study of Treating HIV-infected Hemophiliacs: 


In Japan, more than 90% of HIV carners are found among 
hemophiliacs who were cxposed to blood or blood products 
imported before 1984. MHW sponsors the research group led 
by Prof. K. Yamada (St. Marianna Medical School) aimed at 
introducing experimental therapies to prevent the development 
of clinical AIDS among hemophiliac HIV carriers. The group 
revealed that 1,600 (38.8%) of 4,000 hemophiliacs in Japan 
were infected with HIV before 1984, 51 AIDS patients (37 
with hemophilia A and 14 with hemophilia B) have been iden- 
tified among them and the following two measures to control 
the development of AIDS were introduced under the sponsor- 








ship of MHW, a) observation of the natural history of hemo- 
philiac HIV carriers, by nationwide registration of cases and 
regular check of prognostic hematological, immunological. and 
virological parameters. b) installation of therapeutic and pre- 
ventive measures, ¢.g. AZT. interferons, lymphokines, ctc.. 
suggested by basic and clinical research activities, and scien- 
tific evaluation of those interventions. 


3. Vaccine Development 


Monoclonal antibodies against HIV envelope glycoprotein 
have been studied extensively by the group of Dr. T. Hatton 
(Kumamoto University Medical School) in special reference 
to their potency of interfering with HIV growth. Their activities 
were analyzed in parallel by several other groups in relation 
to possible activities on the regulatory proteins. Demonstration 
of the efficacy of HIV glycoproteins produced by recombinant 
vaccinia or baculoviruses with incorporated HIV env gene(s) 
were tried by a number of groups. Groups at Kyoto University 
and JNIH could induce antibodies in animals to react with the 
original strain of HIV. 


4. Virology of HIV and Related Viruses 


A. Heterogencity of Biological Properties of HIV Isolates: 
Prof. T. Kurimura and his colleagues (Tottori University 
Medical School) compared the growth capabilities in a T cell 
line (MT-4) and peripheral blood mononuclear cells (PBMC) 
among HIV isolates from cases of various stages of HIV in- 
fection. Viruses isolated from symptomatic carriers grow well 
in both PBMC and MT-4 cells, while the majority of viruses 
isolated from asymptomatic carriers grew well only in PBMC. 
The change of HIV population in such a growth characteristic 
was observed in cach of the individual carriers during the shift 
from asymptomatic to symptcmatic status and prognostic sig- 
nificance of the population check through this marker was 
suggested. Analysis of the change in gene structure associated 
with such a shift is in progress in JNIH. Dr. H. Tsuchie (JNIH) 
traveled to the United States in March 1989, in an effort to 
collect HIV isolates from cases of various risk groups and of 
various stages in cooperation with U.S. panel members. Dr. 
S. Harada (Kyoto University) observed also the 
of biological characteristics among plaque-cloned HIV popu- 
lations. Clones could be grouped into large plaque-producing 
and small plaque-producing ones, the former could replicate 
more rapidly than the latter. 


B. Regulation of HIV Gene Expression: 


Dr. T. Okamoto’s group (National Cancer Center, Tokyo) 
analyzed intranuclear transactivation of HIV-gene expression 
in an in vitro system, and the role of enhancer sequence within 
HIV-1 LTR was confirmed. Lymphotoxin, one of cytokines 
produced by HIV-carrying cells was suggested to play an im- 
portant role in cytotoxic effect of HIV. Dr. M. Hatanaka’s 
group in Kyoto University analyzed the functions of transac- 
tivating regulatory gene products, tat-IV and art/trs and dem- 
onstrated that the basic residue-rich region of these proteins 
has the function of a nucicolar targeting signal and site-directed 
mutagenesis of the region correlated directly with the transac- 
tivating function. The detailed mechanism of the shift from 
latency to lytic growth was proposed on the basis of these 
studies. 


C. Genetic Analysis of SIV AGM and SIV MND: 


The group of Dr. M. Hayami (Tokyo University Institute of 
Medical Sciences) isolated 20.SIV AGM from naturally in- 
fected asymptomatic AGM and two SIV.MND from wold caught 
mandrills. Genomic structures of SIV.AGM isolates were sim- 
ilar to other members of HIV/SIV but lacked an R region and 
was almost equally distant from HIV-1, HIV-2. and SIV.MAC. 
which does not support the prevalent concepts or theories that 
SIV and HIV-2 form one group. SIV. MND was identified to 
be a new member of HIV/SIV group. equally distant from 
other HIV/SIV members including SIV.AGM. These results 
are in clear contrast to the prevailing hypotheses that HIV was 
originated from SIV. 


5. Animal Models: 


A. HIV/SIV in Non-human Primates: 


The group of Dr. M. Hayami (Tokyo University Institute of 
Medical Sciences) in ion with people of INIH tested 
experimental inoculation of SIV.AGM and SIV.MND in sev- 
eral species of monkeys. SIV.AGM could infect the AGM and 
cynomolgus monkey, and SIV.MND infected the cotton-top 
tamarin, but no clinical signs were observed in these monkeys. 
Inoculation of HIV-2 into the cynomolgus monkey could in- 
duce low levels of antibody response, but no clinical signs nor 


physiological changes were observed. 


B. Feline Immunodeficiency Virus (F1V) Infection of Cats: 


Dr. T. Ishida (Nippon Veterinary and Zootechnical College. 
Tokyo) has demonstrated a high prevalence of FIV infection 
among Japanese domestic cats. Experimental infection of SPF 
cats with FIV induced the development of the initial acute 
phase of FIV disease, with a 40-50 week duration. charac- 
terized by lymphadenopathy, cyclic neutrophilia, fever. and 
chronic diarrhea, followed by the asymptomatic carrier phase. 
More severe illness, characterized by the presence of anemia, 
emaciation, opportunistic infections, and/or malignancies was 
seen in 7% of the 700 infected cats. These cats exhibited 
identical symptoms with human AIDS cases, and 75% of such 
cases died within 6 months. FIV infection caused a clinical 
syndrome similar to human AIDS caused by HIV and its pos- 
sibility of being an animal model of human AIDS was strongly 
suggested. 


C. Mouse AIDS (MAIDS) as an Animal Model of Testing 
Possible AIDS Drugs: 


The LP-BMS murine leukemia virus complex can induce 
immunodeficiency reminiscent of human AIDS in CS7BL/10 
mice, i.c., abnormal lymphoproliferation and severe. immu- 
nodeficiency in an carly stage. The group of JNIH (Drs. Ohn- 
oda, Mizuochi, et al.) used this system for the in vivo screening 
of anti-HIV drugs. Simultaneous or prior peroral administration 
of AZT to LP-BMS virus inoculation could prevent the de- 
velopment of immunodeficiency, but a later start of AZT ad- 
ministration reduced the therapeutic effects significantly. starting 
1 week later, only a partial prevention was noticed, and by 
starting 2 weeks later, almost no therapeutic effect was ob- 
served. The usefulness of the MAIDS system as an in vivo 
step of anti-HIV drug screening was strongly suggested. 





6. Diagnostic Methods and Reagents: 
A. Gelatin Particle Agglutination (GPA) Test: 

A test utilizing agglutination of HIV eclatin 
particles was developed for the detection of anti-HIV antibodies 
im cooperation with Dr. Kobayashi (Yamaguchi University) 
and Fuji Revio, Co.. Tokyo, as an analogy of the method 
developed against HTLV-1. GPA has similar sensitivity and 
specificity comparable with conventional EIA procedures used 
in the diagnostic tests and requires no incubator or reader, and 
1s regarded as a suitable method to be used in field conditions 
in Southeast Asia and Africa. The Japanese Government is 
supporting the promotion of GPA through contributions to 
WHO's Global Programme on AIDS and ODA's. 


B. Polymerase Chain Reaction (PCR) for the Detection of 
HIV Prior to Seroconversion: 


Detection of the HIV genome in plasma or tissues of infected 
individuals is recognized as a reliable and sensitive method of 
diagnosis prior to seroconversion, and numerous studies have 
been reported after the original development of PCR by Ou in 
1988. In Japan, numerous laboratories including those in NIH, 
Totton: University, and Kumamoto University have reported 
their results during the Third Congress Meeting of JARS, July 
1989, Matsue. and several points to be solved before its being 
employed extensively were discussed. Improvement of PCR 
by the use of a nonradioactive probe and a level of 
detection was reported by the group of JNIH (Dr. K. Yama- 
guchi, et al.) in the Congress Meeting of Japan STC Society. 
December 1989, Tokyo. 


C. Sensitive Procedures of Antigen Detection: 

A group of JNIH (Dr. H. Mizutani et al.) reported a high 
sensitivity detection of HIV antigen by laser-magnetic im- 
munoassay (LMI), where 0.01 picogram/ml of HIV virion pro- 
tein could be detected. LMI employs magnetic-labeled antibody 
against HIV which later can be quantitated by excitation by 
laser beam. The LMI equipment may be improved in its size 
and cost if used by large numbers of workers, and the useful- 
ness of LMI in antigen screening of donated blood samples is 
suggested. 


7. Epidemiology: 


A. Estimation of Trends of AIDS and HIV Infection in 
Japan: 

A working group led by Prof. K. Soda (Yokohama City 
University School of Medicine) reported a cooperative study 
estimating a future trend in HIV infection in Japan: a) There 
are 5,000 hemophiliacs in Japan, 40% of which are estimated 
to be HIV-infected. b) Assuming that the population of male 
homosexuals is 300,000 and 10% of which are 
the cumulative number of seropositives at the end of 1987 and 
1992 are estimated to be 370 and 910, respectively. c) Esti- 
mation of HIV prevalence among other risk groups (1VDU, 
prison inmates, and prostitutes) was difficult due to lack of 
epidemiological information, but fragmentary study results are 
suggesting extremely low levels of prevalence. d) Heterosexual 
transmission to Japanese citizens outside Japan is slow, but 
has been steadily rising since 1988. ¢) The total number of 
HIV seropositives is estimated to be about 3,000 by the end 





of 1992, and the cumulative number of AIDS patients to be 
between 260 and 300. Further studics in updating the approach 


B. Epidemiology in Southeast Asia. 

Prof. K. Soda (Yokohama University Medical School) vis- 
ited Southeast Asia in March 1989. for a CMSP-sponsored 
epidemiological study. He has done studies in WHO's Western 
Pacific Regional Office. Manila. Philippines. and health min- 
rstnes, national institutes. and universities in Philippines, Sin- 
gapore, and Thailand. He collected information 
indicating that Thailand entered the AIDS epidemic after July 
1988. and effective domestic and international control mea- 
sures are urgently needed. All Southeastern Asian countnes 
may not be able to escape the fate seen in Thailand unless an 
internationally coordinated control program ts installed. 


8. HTLV-1 Infections: 


Adult T-cell leukemia (ATL) has been recognized to be 
endemic in southwestern Japan, and its ecology and clinical 
identity were established by clinical groups in Kumamoto Uni- 
versity (Dr. K. Takatsuki) and Kochi University (Dr. K. Mi- 
voshi). Its etiology involving a transmissible agentis) was 
established by the groups in Kumamoto, Kochi, and Kyushu 
Universities (Dr. K. Okochi), and the agent was identified to 
be HTLV-1! by Prof. Y. Hinuma (Kyoto University Institute 
of Virology). Dr. M. Osame (Kagoshima University Medical 
School) established the HTLV -1! etiology of spastic myelopathy 
endemic in the southwestern Japan and named its as HTLV- 
associated myelopathy (HAM). HAM was studied in cooper- 
ation with groups in the United States which had recognized 
another spastic myclopathic disease, tropical spastic parapa- 
resis (TSP) in Carribean and West African countries, and the 
similarity of TSP with HAM was established. 

Groups in Nagasaki, Kumamoto, and Kagoshima have dem- 
onstrated that avoidance of breastfeeding by HTLV-carrying 
mothers is the best measure of preventing vertical transmission 
of HTLV-1 and that ATL & HAM can be eliminated from the 
blood supply by effective screening of HTLV carriers. In the 
First and Second Joint Meetings of AIDS Panels, Prof. Tak- 
atsuki (Kumamoto University) reported the compiled achieve- 
ments in ecology, epidemiology. and clinical 
hematology of ATL and Professors Y. Iwasaki (Tohoku Uni- 
versity Medical School) and M. Osame reported the pathology. 
immunology, and virology of HAM. 


SIGNIFICANT ACCOMPLISHMENTS 


Genetic Relation of SIV from African Green 
Monkey and that from Mandrill with other 
HIV/SIV 


AIDS was reported in 1980 in the United States, and its 
causative agent, HIV was isolated in 1983. Soon after HIV 
was isolated, workers demonstrated that several species of non- 
human primates were naturally infected with HIV-related vi- 
ruses, now called SIV. It was suspected that HIV was transmitted 
from monkeys to humans explaining its sudden appearance in 
man. The origin of HIV was first hypothesized to be the African 
green monkey because 20%~—30% of African green monkeys 
are naturally infected and do not manifest disease. We isolated 








and genomically analyzed SIV,.., from the African green 
monkey and SIV... from wild mardrill of Africa. 
Twenty isolates were obtained from animals ongimating in 
aes Se ae Five were molecularly cloned and onc 
was totally sequenced. Genomic construction of SIV... is 
similar to HIV-1, HIV-2, and SIV,,,-. the first SIV isolate 


from a rhesus monkey kept in the colony of the New England 


The comscnns maps f cloned 5 SIV an isolates of differs 


HIV-1 group and the HIV-2 group. 

Following the SIV... isolation, we isolated 2 mandrill vi- 
ruses and one of them SIV ux, (GB-1) strain was totally se- 
. The genomic structure is almost the same as in other 

and SIV, but there are several differences in the open 
reading frames in the central region. The of amino 


From the genetic closeness between HIV-2, SIVya-. and 
SIV. which was isolated from the sooty mangabey in the 
New England Primate Center, these three viruses can be con- 
sidered as one virus group, HIV-2/SIV.,. Thus, HIV-1 group, 
SIV pom BFOUP, STV iene group and HIV-2/STVaac/SIV gy, group 


indicates primate lentiviruses, HIV and SIV evolved from a 
common ancestral virus, and SIV jc, and SIVuw, diverged 
just prior to the divergence between HIV-1 and HIV-2/SIV yac/ 
SIVcy. We cannot explain why these four main groups of 
primate lentiviruses, SIV yen. SIVacy. HIV-1, and HIV-2/ 
SIV yac/SIV gy, started to diverge at about the same time. The 
time of this divergence can be estimated to have occurred at 
least several hundred years ago, long before the spread of AIDS 
in humans in the 1980's. Thus, it can be concluded that SIV ,o., 
and SIV uxp are not responsible for the recent spread of AIDS 
in humans. However, it is possible that HIV-2, SIV... and 
SIV, have been transmitted between monkeys and humans 
recently. 


HTLV-I Infection and Adult Leukemia 


Adult T cell leukemia (ATL) was first discovered and re- 
ported in Japan, where it has a high incidence in the south- 
western region. The retrovirus HTLV-I (human T cell 
lymphotropic virus type |) is considered to be related to its 
etiology. 


Typical ATL has the following features: (1) & occurs m 
adults; (2) tumor cells, i.c.. ATL cells, resemble CD4 positive 
peripheral T-cells. having a notch im the nucleus and a tendency 


for lobulation: (3) skin lesions. hepatomegaly. splenomegaly. 
ee ee ee 
sometimes accompanied by pulmonary lesions or gastrointes- 
tinal lesions; (4) anemia is usually absent, and if present. is 
only mild; (5S) hypercalcemia ts not rare: and (6) patients are 
from Kyushu or its surrounding districts. 

After the etiological involvement of HTLV-1 was revealed. 
ATL was found to have diverse pathophysiological features 
which had not been suspected im the days when diagnosis of 
ATL was based on clinical features and cell markers. In diag- 
nostically difficult cases, a definitive diagnosis can be made 
by checking the presence/absence of HTLV-! proviral DNA 
integrated into the DNA of tumor cells. 

ATL can be divided into five types: (1) acute type: (2) 
chronic type: (3) smoldering type: (4) crisis type. and (5) lym- 
phoma type. Of course. there are intermediate types which 
cannot be definitely allocated to any of these five types. ATL 


resists Chemotherapy. and patients with acute and lymphoma 
types have quite a poor prognosis. 

Infection with HTLV-I is a direct cause of ATL. However, 
infection with this virus can indirectly cause many other dis- 
eases via the induction of immunodeficiency, such as chronic 
lung diseases, opportunistic lung infections, cancer of other 
organs, monoclonal . Chronic renal failure, stron- 
gyloidiasis, nonspecific intractable dermatomycosis, and non- 
specific lymph node swelling. The recently highlighted disease 
HAM (HTLV-I associated myelopathy) is thought to be syn- 
onymous with TSP (tropical spastic paraparesis). Clarification 
of the mechanism responsible for its onset is now an important 
theme. 

studies have disclosed three routes of HTLV- 
I infection: (1) from mother to children; (2) from males to 
females; and (3) via blood transfusion. The data pertaining to 
HTLV-I infection by transfusion indicate that infection does 
not occur unless fresh lymphocytes are transfused. With regard 
to vertical transmission from mother to children, the lympho- 
cytes contained in mother’s milk are thought to carry HTLV- 
1. In the case of sexual transmission, transport is probably by 
lymphocytes in the semen. Some investigators claim that the 
virus can be transmitted by mosquitoes, but this has not been 
generally accepted. 

The southwestern district of Japan has probably the world’s 
highest incidence of HTLV -I infection. Besides, high incidence 
is also found in the Caribbean islands and countries surrounding 
the Caribbean Sea. Most of the ATL patients studied in the 
United States and the United Kingdom came from the Carib- 
bean countries. The clinical features of ATL in the Caribbean 
area are similar ‘o those in Japan, except that the age of onset 
of the disease 1s about 10 years younger in the former than in 
Japan. HTLV -1 antibody-positive patients with malignant lym- 
phoma have been reported in the United States, Italy. and 
Germany, although in small numbers. HTLV-I is said to have 
had its roots in Africa. However, no ATL case has yet been 
reported from Africa, and no comprehensive data on HTLV- 
carers in Africa are available. In China, hardly any ATL 
patients have been reported, but considering the country's vast 
land and population, a large-scale survey is desirable. In Tai- 
wan, the HTLV-I carrier rate is slightly higher in the north- 
eastern region, and a small number of ATL patients have been 
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. In Korea, the HTLV-1 carrier rate is as low as 
0.03%. HTLV-1 carriers have been found in Seoul and the 
surrounding areas. but no HTLV-I carriers have been found in 
Pusan and the Cheju Islands. even though both are close to 
Kyushu. Japan. Endemic areas of HTLV-I infection are now 
described from the Arctic to Papua New Guinea. Thus. a world- 
wide survey of ATL and HTLV-I infection is anticipated. 

To prevent infection with HTLV-I in Japan all samples of 
donated blood have been subjected to HTLV -I antibody testing 
by the gelatin particle agglutination assay beginning in No- 
vember 1986 on a nationwide scale. In order to prevent vertical 
transmission, HTLV-I seropositive mothers are now instructed 
to refrain from breast feeding in some local communities within 
the framework of a pilot study. This measure will also be 
implemented on a nationwide scale. Heating and freezing of 
milk are both known to be effective in eliminating the infec- 
tivity of HTLV-1, but these measures do not seem to be prac- 
tical. Transmission between spouses is transmission between 
persons of the same generation; hence. there is hardly any risk 
of ATL onset even when this form of infection occurs. There- 
fore, what is required for the prevention of HTLV-1 infection 
in the next generation is to have HTLV-I carrying mothers 





Various steps of the human immunodeficiency virus (HIV) 
lifecycle can be considered as the possible targets for anti- 
AIDS . A brief summary of studies on the de- 
velopment of anti-HIV therapeutics using the MT-4 cell assay 
system follow. 

Adsorption. HIV infection begins with the interaction of a 
viral env gene product gp120 with CD4 receptor on the cell 
surface. Soluble CD4 molecules generated by recombinant 

have i effect on viral adsorption, thus pro- 
tecting cells from HIV infection. It was first discovered that 
sea-algal extract contained anti-HIV activity. The active prin- 
ciple of this extract was found to be a sulfated 
closely related to carrageenan. Further studies showed that 
various natural as well as synthetic sulfated polysaccharides 
were effective inhibitors for HIV infection. These substances 
clearly inhibit viral adsorption to the target cells and cell-to- 
engi e: pdton te mens np apt he aro ra 
by sulfated polysaccharides seemed to be nonspecific because 
they also blocked HTLV-1-induced cell fusion. Anti-HIV ac- 
tivity of sulfated polysaccharides appears to increase with the 
degree of sulfation. Also, higher activity ts observed with the 
increase of molecular size of sulfated polysaccharide in the 
range of 1,000 to 20,000. Dextran sulfate has been used for 
25 years in Japan as the drug for hyperlipidemia. Recently, 
efficacy of oral administration of this was evaluated 
in a Phase | study of AIDS and ARC patients. Unfortunately, 
no benefit has been achieved in terms of virological as well as 
immunological parameters. This is probably due to the fact 
that a blood concentration adequate to inhibit HIV cannot be 
reached by oral administration of dextran sulfate. However, 
dextran sulfate with anti-HIV activity cannot be administered 
intravenously because it elicits antibody formation and, more- 





over, it ts degraded very rapidly im the blood. To overcome 
this problem. a different strategy was applied involving syn- 
thesis of novel sulfated polysacchandes. Among them. curdlan 
sulfate is expected to be used imtravenously m the very ncar 
future for the treatment of AiDS and ARC patients since this 
is a beta-! .3-glucan and ts much more stable in the blood than 
dextran sulfate (alpha-|.6 glucan). Glycyrhizin. protem-bound 

ude (PSK) and an extract of lentinus edades mycelia 
(LEM), which have been widely used im the patients with 
chronic hepatitis and malignant tumors in Japan. also block 
HIV adsorption to the CD4 receptors. Since they have almost 
no side effects, extensive climical studies with these drugs will 
be evaluated. especially as related to protecting asymptomatic 
carners from developing AIDS. 

Reverse transcription. As is well known this is the most 
umique feature of retrovirus and therefore a number of reverse 
transcriptase inhibitors have been developed. Among them. 
azidothymidine (AZT) and 2.3-dideoxynucleoside analogues 
have appeared as potent and selective anti-HIV compounds in 
vitro. AZT has been approved as the drug of choice for treat- 
ment of AIDS in the United States and many other countries 
because it was shown to prolong the lifespan of patients and 
improve their nnmunological parameters. Using the same strat- 
oy co anmuant és ad dn a1 aetede tS 
dideoxythymidine. These dideoxynucieosides are assumed to 
act as substrate analogues after being converted to their tr- 
phosphate form before they can interact with reverse transcrip- 
tase and consequently cause viral DNA chain termination. 

Viral DNA Synthesis and its Expression. Viral DNA rep- 
hcation, transcnption into RNA. translation. and sphcing of 
the viral RNA could also be good targets for anti-HIV che- 

. For this purpose. one of the most clegant ap- 
proaches is the so-called antisense RNA or DNA strategy. In 
this approach complementary nucleotide oligomers are cx- 
pected to hybridize to their target sequence in the viral genome 
resulting in inhibition of HIV infection. We selected the (RNA 
binding site and the splicing acceptor site of HIV as target 
sequences and synthesized RNA oligomers. These oligomers 
almost suppressed HIV infection at the concentra- 
tion of about 5 ug/ml. Theoretically, it is also possible that 
antisense DNA and RNA can inhibit virus in cells chronically 
infected with HIV. Indeed, Matsukura ct al.. reported that this 
is the case. If so, this strategy will be very important for the 
treatment of individuals infected with HIV because the same 
effect cannot be expected with the inhibitors for viral adsorption 
or reverse transcriptase. 

Other. Transcription of HIV mRNA is controlled by reg- 
ulator gene products tat and rev. For the maturation of HIV, 
post-translational cleavage of gag-pol protein is essential. HIV 
env gene products also require post-translational modification, 
i.c., glycosylation of a large precursor protein and its cleavage 
into two smaller proteins, gp120 and gp4!. The virus assembly 
and budding processes are. of course, essential to HIV for its 
spreading. Finally. it is suggested that some membrane protein, 
for example LFA-1, is involved in HIV infection and viral 
membrane fusion. Also, phosphorylation of the CD4 molecule 
after HIV binding has been shown to occur. All these steps of 
HIV replicative cycles can be targets of future anti-HIV drugs 














Neutropenia 1s often observed in patents with Acquired Im- 
munodeficiency Syndrome (AIDS). It may contribute to the 
high incidence of opportunistic bacterial and fungal infectoons 
occurmng im these patients. Human granulocyte colony-stim- 


vating the functions of mature ncutrophils. 1s now available 
for clinical use. duc to successful large-scale production of the 
factor in a recombinant form. To establish the rationaic for its 
climcal use, we have recently measured the G-CSF levels in 
serum (normal icvel: usually less than 30 pg/ml) using a newly 
values to blood neutrophil counts and body temperature in four 

Table | shows the serum G-CSF levels together with body 
temperature and blood in neutrophil counts im those four pa- 
tients. In two patients (R.K. and T.K.). the relationship be- 
tween blood neutrophil count and the G-CSF level appeared 
to be normal. Y.T. showed a very high G-CSF level (370 pg’ 
mil) during a high fever episode but no neutrophil increase. 
suggesting a low response of granulocytic cells to G-CSF. In 
T.S. (39-year-old male), repeated examinations on different 
days revealed that the G-CSF level had never exceeded 30 pp’ 
mil in the presence of marked neutropenia. Furthermore, G- 
CSF level showed a slight increase (76 pg/ml) during a febrile 
episode with a neutrophil count of 2.02S/cm. 








Table 1. Serum granulocyte factor 
levels, body temperature, and biood neutro- 
phil counts in patients with Acquired immu- 

Syndrome 
Blood Colony - Stimulating 
Body Neutrophil Factor Levels in 
Patent Temperature Counts (cmm) Serum (pg mi) 
Ts 372 742 <8 
3% 6 168 <3 
3% 8 320 <H 
38.7 2.025 76 
36.7 871 <3” 

v7 38 6 2.314 370 

RK 367 1,804 <R 

TK 35.7 3,591 91 





As we had reported. serum G-CSF levels were increased im 
patents with ncutropemia and this mcrease was imversely cor- 
related to the neutropha!l counts m pempheral blood As shown 
im Table |. in some AIDS patients. no mecrease of scrum G- 
CSF level was observed even im the presence of neutropenia 
This lack of an mcrease in the G-CSF level im response to 


Total Leukocyte Counts in Patients with AIDS 
Treated with rhG-CSF (8 cases) 
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neutropenia may be due to the infection of monocytes with 
AIDS virus, since G-CSF is usually produced by monocytes 
and macrophages except for the exceptional case 

AIDS patients with neutropenia and fever were treated with 
1G-CSF. Recombinant G-CSF (rG-CSF) made by £. coli and 
supphed from Kinn- Amgen Company was admunistered to seven 
patients daily for 7—25 days by the intravenous route. Admin- 
istration of rG-CSF was started at 100-200 ug/m and increased 
to 400 ug according to the results of neutrophil counts. All 
those patients were confirmed to have AIDS by clinical syn- 
dromes and positive anti-HIV antibody test. and six out of 
seven cases showed neutropenia 

As shown in Fig. |. all cases showed a 
white blood cell counts. This increase wa 
mecrease in neutrophil counts 


“Tease m 
we to the 





Total and Difterentiai Leukocyte Counts in A Patient 
with AIDS Treated with rnG-CSF 
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As demonstrated in a typical case shown m Fig 2. a slight 
increase in lymphocytes was observed. This nevtort lic re- 
sponse was variable and seemed to be greate: . sents with 
larger numbers of ncutrophils before treatment 

The number of CD4 plus cells was examined before and two 
weeks after treatment with rG-CSF im five patients. No sig- 
nificamt increase in CD4 plus cells was observed after treat- 
ment 

Secondary infections with known and unknown pathogens 
were present in five and two cases, respectively. Among five 
cases with a known pathogen. three responded to rG-CSF treat- 
ment with a marked reduction of body temperature. In one 
unresponsive case with disseminated herpes zoster. an increase 
in neutrophils after rG-CSF was imsufficrent due to the simul- 
taneous usage of myclosuppressive agents The other case was 
afebrile while suffering from oral candidiasis. In two febrile 
cases with an unknown pathogen. no or only slight clinical 
improvement was observed after rG-CSF treatment. although 
their penpheral blood neutrophil counts were increased. Fig 
3 show's a typical case who responded to rG-CSF administration 
with an increase in penpheral blood neutrophil counts and a 
reduction of body temperature 

No appreciable side effects were observed during the treat- 
ment with rG-CSF in any of the seven cases 

From above described results, tG-CSF is considered to be 
a useful drug for treatment of infecthoms oocurnng im patents 
with AIDS 
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FUTURE OBJECTIVES 


On the basis of research results described above. future ac- 
tivities may be directed to the following research projects of 


highest pnonty 


| Development of anti-HIV drugs with mechanisms other 
than AZT of other nucleoside derivatives as alternatives of 
these drugs. and prompt transfer to the climcal evaluation sys- 
tems in the United States 

2. Further investigation of HIV gene cxupression regula- 
ton, and combined use of regulatory protems as possible im- 
tervention with the HIV growth 

3. Development of vaccine candidates by conventional or 
recombinant DNA approaches. employing the conserved cpi- 
topes of env gene. regulatory protems. or anti-dbotype anti- 
bodes 


4. Evaluation of possible animal models for therapeutics 
and vaccine developments, ¢.¢.. SIV or HIV infections im 
monkeys, transgenic mouse carrying CD4 receptor, FIV in 
cats, or MAIDS im mice 

§. Development of diagnostic procedures and reagents de- 
tecting HIV antigen or CDNA prior to seroconversion, cither 
by new mmmunoassays or PCR. to ensure blood supply safety 


6. Epdermology of HIV infections im msk groups im Japan 
or countnes of Southeast Asia. in cooperation with WHO's 


global AIDS programs and individual national programs 

7. Studies on HTLV-1 infections: A) Confirmation pro- 
cedure of diagnostic testing as im the case of HIV infections 
should be developed and evaluated B) Establishment and in- 
stallanon of the screening and confirmation test systems to 
ensure the safety of blood transfusson and organ transplantation 
should be promoted. C) Basic studies on the factors, like trans- 
plantation antigen types. differentiating mndividuals to develop 
cither ATL or HAM should be elucidated. D) Epidermotogical 
imtervention to reduce the HTLV transmission like discour- 
agement of breastfeeding of HTLV -infected mothers should be 
evaluated quantitatively 
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Treatment of HIV infection by granulocyte colony 
stimulating factor (G-CSF) 


Hematological studies of adult T cell leukemia (ATL) 
caused by HTLV-1! 


Therapeutic use of monoclonal antibodies against HIV 
proteins 


Genetic analysis of H!V isolates from cases of various 
stages of HIV infection 


Effect of glucosidase inhibitors as HIV growth inhibitors 


Studies on HIV-infected hemophiliacs in Japan and possible 
counter measures. 


Immunological aspects of HTLV-1-associated myelopathy 
(HAM) 


Enhancement of HIV replication by tumor necrosis factor 
(TNF) 
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Dr. R. Bradley Sack 
Chairman (1983-1990) 


Dr. Sack, a graduate of the University of Washington School of Medicine, has 
made a number of major contributions to the understanding of cholera at both the 
laboratory and clinical levels. His precise bacteriological studies were critical to 
establishing etiologic role of E. coli in cholera-like diarrheal diseases in cholera 
endemic areas. His major role in developing a canine model of cholera led to a 
number of increasingly sophisticated studies of the molecular biology of cholera, 
culminating in demonstration that the cholera toxin acts through stimulation of the 
adenylate cyclase enzyme in the intestinal mucosal cells. His early work on the 
effect of antimicrobial therapy in cholera was seminal in its effect on this field 

Dr. Sack continues to work closely with his colleagues in the diarrheal disease 
field, and his recent contributions have laid the groundwork for the current rec- 
ommendations for the prophylaxis against traveler's diarrhea. During his tenure as 
Chairman, the Cholera Panels played a leading role in developing the first field 
trial of an orally administered cholera vaccine, based on scientific principles de- 
veloped by the work of the Panels 




















Dr. Nathaniel F. Pierce 
Chairman (1977-1983) 


Dr. Pierce has made seminal contributions to the understanding of both the 
physiology and treatment of cholera. He and bs colleagues were the first to dem- 
onstrate, in a series of carefully controlled trials, that the oral administration of a 
solution containing glucose and electrolytes could restore metabolic balance in 
acutely ill cholera patients. This laid the groundwork for the current worldwide use 
of oral rehydration therapy. Dr. Pierce continues to work on dissemination of 
knowledge about oral rehydration therapy in his current position with WHO in 
Geneva. 

Dr. Pierce was also one of the earliest scientists to recognize the role of intestinal 
secretory immunoglobulin A antibody in protection against cholera. His work in 
this field provided a solid background for the current approach to oral immunization 
in cholera. 

Dr. Pierce's scientific career has been distinguished by his generous collaborations 
with coworkers throughout the world, and his unfailing willingness to share credit 
for scientific work which he has initiated. His Panel Chairmanship was distinguished 
by rapid increase in our understanding of the mechanism by which enterotoxigenic 
E. coli produce human disease, and an increased understanding of the protective 
immunologic mechanisms against E. coli. 


Dr. John P. Craig 
Chairman (1972-1977) 


Dr. John P. Craig, a graduate of the Case Western Reserve University School 
of Medicine, played a seminal role in the description of the cholera enterotoxin. 
He was one of the early investigators to recognize the role of a specific enterotoxin 
in the pathophysiology of cholera, and was one of the first to isolate cholera 
enterotoxin, to produce the toxin in large quantities, and to demonstrate that, in 
the experimental animal, it produced all the signs and symptoms of human cholera. 
His ingenious development of a skin test for assay of the potency of the cholera 
toxin provided the gold standard for toxin assay for two decades, and contributed 
enormously to progress in this field. 

Dr. Craig has always been a most enthusiastic collaborator with other investigators 
in this field. There are very few of them, Japanese or American, who are not 
indebted to Dr. Craig either for advice and consultation or for providing assay 
materials to further their research. 

Dr. Craig's Chairmanship was marked by a period of rapid advances in under- 
standing of the biochemical mechanisms by which the cholera enterotoxin caused 
intestinal fluid secretion, as well as increasingly precise delineation of the protective 
immunologic mechanisms against cholera 








JAPANESE CHOLERA AND RELATED DIARRHEAL DISEASES PANEL 


Dr. Yoshifumi Takeda 
Chairman (1988—present) 


Dr. Takeda graduated from the School of Medicine, Osaka University in 1960. 
and successively held the posts of professor at the Institute of Medical Science. pro- 
fessor at the University of Tokyo (1983-1989), and professor at Kyoto University 
(1987— ). He has been Chairman of Japanese Cholera Panel since 1988. In 1988. 
he sponsored the 24th Joint Cholera Conference held in Tokyo. Japan. The Chairman 
of the U.S. Cholera Panel during his term of office was Dr. R. Bradley Sack 

Dr. Takeda has been engaged in many studies on toxins of diarrheagenic bacteria. 
such as Vibrio parahaemolyticus, V. cholerae 01, enterotoxigenic Escherichia coli 
(ETEC), and enterohemorrhagic E. coli (EHEC), and has been a leader in the field 
Dr. Takeda is a cosmopolitan who stresses the importance of cooperation in research 
between various countries and organizations such as the WHO and ICDDR-B. and 
also encourages the development of young researchers in Japan. He is a highly 
respected international leader in research related to bacterial diarrhea in Japan 


Dr. Yutaka Zinnaka 
Chairman (1987) 


Dr. Yutaka Zinnaka graduated from the Faculty of Medicine, Kyushu University 
in 1951, and successively held the posts of professor at National Defense Medical 
College (1975-1986), and Professor at Toho University (1987-1988). He chaired 
the Japanese Cholera Panel for | year in 1987. The Chairman of the U.S. Cholera 
Panel during his term of office was Dr. R. Bradley Sack 

Of Dr. Zinnaka’s research achievements, ultrastructural analysis of cholera toxin 
subunits by electron microscopy and analysis of toxins of NAG vibrio are partic- 
ularly well known. Needless to say, Dr. Zinnaka’s greatest interest was in cholera 
research, but he had other interests which included his becoming familiar with the 
culture, history, art, and music of various countries, which he accomplished by 
visiting the Silk Road in China, the Sistine Chapel in Rome, and museums and art 
galleries in various countries of the world. Dr. Zinnaka died on June 15, 1988 




















Dr. Nobuya Ohtomo 
Chairman (1985—1986) 


Dr. Otomo graduated from the Faculty of Medicine, Kyushu University in 1948. 
and held the post of Managing Director. the Chemo-Sero-Therapeutic Research 
Institute (1982-1986). Since 1987, he has been Director of the Oita Prefectural 
Institute of Health and Environment. The period of his chairmanship of the Japanese 
Cholera Panel was from 1985 to 1986 at which time Dr. R. Bradley Sack was 
Chairman of the U.S. Cholera Panel. During this period, he sponsored the 22d 
Joint Cholera Conference held in Toyama, Japan, in 1986. After the Conference, 
the participants started on a laborious excursion, organized by Dr. Ohtomo, going 
over Tateyama (a height of 3,.015m) and crossing the Kurobe Valley and a dammed 
lake during which they enjoyed the remaining snow and realized their own youth- 
fulness anew while being refreshed by the mysterious atmosphere in Kurobe Valley 

Dr. Ohtomo is currently the leader of cholera toxin research in Japan 


Dr. Shogo Kuwahara 
Chairman (1980-1984) 


Dr. Kuwahara graduated from the School of Medicine, Tokyo Imperial University 
in 1943, and held the post of professor at Toho University from 1954-1986. Since 
1969, he has been Chairman of the Boarding Committee, Toho University. For 5 
years, 1980-1985, Dr. Kuwahara served as Chairman of the Japanese Cholera 
Panel. He sponsored the Joint Cholera Panels Conference held in Japan im Gifu 
(1980) and in Kurashiki (1982) during his tenure. Chairmen of the U.S. Cholera 
Panel during his term of office were Dr. Nathaniel F. Pierce and Dr. R. Bradley 
Sack 

The major theme of his research during his term of office as the Chairman of 
Japanese Cholera Panel was the prevention of epidemics by El tor cholera because 
prevalence of cholera was then expanding from its endemic areas to the temperate 
regions. For this reason, Dr. Kuwahara encouraged research on cholera vaccine 
development in Japan. He also strived for the introduction of molecular genetics 
into research with enterotoxigenic Escherichia coli (ETEC), which causes travelers’ 
diarrhea. He discovered self-transmissible drug-resistance (R) plasmids of Vibrio 
cholerae 0\ and has been the major proponent for research on bacterial virulence 
genes in Japan 

















Dr. Kenji Takeya 
Chairman (1978-1979) 


Dr. Takeya graduated from the Faculty of Medicine, Kyushu Imperial University 
in 1944, and successively held the posts of professor at Kyushu University (1963- 
1982). and president of Kyushu University (1975-1982). He served as Chairman 
of the Japanese Cholera Panel for 2 years from 1978 to 1979 and sponsored the 
Joint Cholera Panels Conference at Karatsu, Japan, in 1978. The Chairman of U.S 
Cholera Panel when Dr. Takeya took office was Dr. Nathaniel Pierce 

While engaged in research on Vibrio cholerae 01 biotype El tor, Dr. Takeya 
discovered a new prophage which is now named k (kappa) phage and developed a 
prophage typing method for V. cholerae 01 biotype El tor. Dr. Takeya died on 
January 22, 1982 


Dr. Hideo Fukumi 
Chairman (1965—1977) 


Dr. Fukumi graduated from the School of Medicine, Tokyo Imperial University 
in 1938, and successively held the posts of professor at the Institute of Tropical 
Medicine, Nagasaki University (1963-1969) and Director-General of the National 
Institute of Health (1977-1980). He is an Honorary Member of the National Institute 
of Health at present. Dr. Fukumi served as Chairman of Japanese Cholera Panel 
for 13 years from 1965 to 1977. He sponsored six Joint Cholera Panels Conferences 
which were held in Hakone (1966), Unzen (1968), Hakone (1970), Tokyo (1972), 
K yoto (1974), and Sapporo (1976), during his term of office. As the first Chairman 
of Japanese Cholera Panel, Dr. Fukumi worked tirelessly for the development of 
U.S.-Japan Cholera Panels in cooperation with Dr. Charles C. J. Carpenter, Chair- 
man of the U.S. Cholera Panel and his successor, John P. Craig 

When the 7th cholera pandemic due to Vibrio cholerae 01 biotype El tor devel- 
oped, Dr. Fukumi promoted cholera vaccine field trials in the Philippines by quickly 
making cooperative arrangements between Japan, the Philippines, and the WHO 
By evaluating the experimental results, he was able to formulate quarantine policies 
based upon his elucidation of the limited effectiveness of the cholera vaccines 
available in those days. Dr. Fukumi is the father of cholera research in Japan and 
has acted as its director and also as a promoter for research on cholera toxin 





GUIDELINES 


CHOLERA AND RELATED DIARRHEAL DISEASES PANELS 
United States-Japan Cooperative 
Medical Science Program 


All research on cholera as well as cholera-like discases (c.g... 
enterotoxigenic Escherichia coli) is relevant to the panels’ in- 
terest. The following areas have been assigned a high priority 


1. Methods of immunization. lmprovements of whole cell 
vaccines, development of effective adjuvants, isolation and 
purification of protective antigens, and development of an ef- 
fective toxoid, 

2. Pathogenesis and treatment. Purification of responsible 
exotoxin, studies of mechanisms of action of this toxin, and 
development of a pharmacologic means of rapidly blocking 
the action of the toxin; related investigations of basic mecha- 
nisms of secretion and absorption of water and electrolytes im 
the small intestines, 

3. Microbiologic investigations. Studies of those proper- 





ties of Vibrio cholerae which are essential to its multiplication 
in the gut of the susceptible host, and of those properties of 
the host which render him vulnerable to V. cholerae infection. 

4. Vibrio ecology. Investigations of factors in the envi- 
ronment (¢.g.. food and water) outside the human host which 
influence population, distribution, growth rate and virulence 
of cholera vibnos. 


Cholera-like diseases are defined as those in which the re- 
lationship between bacteria living in the lumen of the gut and 
a human host is such that the resulting imteraction will not 
cause (1) tissue destruction, (2) symptoms of toxicity, or (3) 
bloody diarrhea. If the diarrheal disease becomes life-threat- 
ening, it is on the basis of fluid loss 








U.S. Cholera and Related Diarrheal Diseases Panel 


PROGRESS IN PRIORITY AREAS 


At the beginning of this 5-year period, the scope of research 
of the panel was enlarged to include other bacterial diarrheal 
pathogens, including invasive pathogens. In 1987 the official 
name of the Cholera Panel was changed to include **Related 
Diarrheal Diseases." which more accurately reflected the in- 
terests of the panel and the investigators. 

During this period, major new advances in biomedical tech- 
nology occurred, such as the technologies involving mono- 
clonal antibodies, genetic engineering. and DNA probes, which 
had a major influence on work being done in the field of 
bacterial, diarrheagenic diseases. As a result of this, it became 
possible to study in more detail, the molecular aspects of vir- 
ulence of these organisms. 

Because of the expanded scope of the panel, the report will 
be presented according to individual pathogens, of which there 
are now about 20. The major emphasis, however, continues 
to be on Vibrio cholerae and means whereby cholera may be 
controlled. 


1. Vibrio cholerae: 


Vaccine development continues to be the major focus of this 
work. Studies of pathogenesis, secretory immunity, and bac- 
terial genetics all have as one of their ultimate objectives, the 
stimulation of the human immune system safely and efficiently 
so that a practical vaccine might eventually be realized. Much 
progress has been made in this area, and a large field trial of 
a candidate cholera vaccine has been completed. 


a. Immunologic studies: 


The mucosal immune system has been extensively studied, 
once this was shown to be the major component in conferring 
protective immunity against V. cholerae. Live orally admin- 
istered vibrios which colonize the small intestine well have 
been found to be the most effective antigens. This is thought 
to be the result of improved sampling of live organisms dy the 
M cells in the intestinal mucosa. The ability of vibrios to 
produce whole toxin or toxin suburits was of lesser importance 
than their ability to colonize. Anti cholera antibodies in ma- 
ternal milk of animals, while providing protection against cho!- 
era when being fed to susceptible young animals, also interfered 
with the development of active immunity by those young an- 
imals. Such antibodies (anti-toxin, anti-outer membrane pro- 
tein antigens) can also be produced in cows by hypenmmunization 
with the appropriate antigens, these antibodies in a milk con- 
centrate are relatively protease-resistant, and therefore are ac- 
tive when fed orally 

Antisera against TCP pili are also highly protective in the 
infant mouse model. The specific epitopes of the pilus involved 
in colonization are being defined using antisera against syn- 
thesized specific pilus peptides 


b. Studies of pathogenesis: 


In mice, resistance to the secretory effect of cholera toxin 
is found to be under the genetic control of the major histo- 
compatibility complex (H-2). This has been found to be due 
to the decreased numbers of receptors (gangliosides) on the 
enterocytes of resistant mice. 

When grown under the conditions of iron deprivation, V. 
cholerae produce unique outer membrane proteins. Mono- 
clonal antibodies to these outer membrane proteins have been 
produced and the possibility that these proteins are protective 
antigens is under study. 

The role of motility as a virulence property is again being 
examined. Non-motile, but flagellated mutants are not virulent 
in Certain animal models. Purification of the sheathed flagellum 
is being attempted since it contains unique antigens that may 
be protective. 

Three types of morphologically and serologically distinct 
fimbria have now been identified in V. cholerae. While the 
TCP pili have been well characterized, the other two are cur- 
rently under investigation. 

Epitopes of the cholera toxin family have been defined using 
monoclonal antibodies. At least three distinct cholera toxins 
have been identified which differ in a small number of amino 
acid residues. These small differences influence their neutral- 
ization by antibodies, and thus may be important in defining 
antigens in vaccine deve 

Adherence of V. cholerae based on hemagglutinins, both 
cell associated and soluble is also being studied. Mutant strains 
lacking cell-associated hemagglutinins showed decrease ability 
to adhere to test cells. 

Studies defining thc role of prostaglandin E in the molecular 
events leading to intestinal fluid secretion caused by cholera 
toxin are in progress. It is postulated that prostaglandin E may 
contribute significantly to the total cyclic AMP that accumu- 
lates in cells following cholera toxin exposure. 

Sodium channel inhibitors were detected in culture filtrates 
of V. cholerae 01 and non-01. These tetrodotoxin-like sub- 
stances are being investigated as to their possible role as vir- 
ulence factors. 


c. Genetic Studies 


Genetic studies have defined the regulatory genes for the 
production of cholera toxin, as well as for other virulence 
factors, such as pili. All V. cholerae, including non-toxigenic 
strains, possess the regulatory toxR gene. This gene has been 
sequenced and its gene product, a transmembrane protein, iden- 
tified. The toxR coordinately regulates the genes responsible 
for cholera toxin production and for TCP pilus production, as 
well as 17 genes that encode additional virulence factors. The 
genes encoding for cholera toxin (ctx) and the major subunit 
of the TCP pilus (tcpA) have been cloned and sequenced. This 
pilus, called TCP because it is foxin co-regulated, has areas 
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of homology with pili present on other bacterial species. such 
as pscudomonas and gonococcus. 

The recombination and replication activities of RS!. a re- 
petitive sequence associated with the cholera toxin genetic cle- 
ment (ctxAB) are also being studied. lt appears that RS! encode 
a site-specific recombination system capable of highly efficient 
conversion of nontoxigenic strains of V. cholerae into toxigenic 
ones. Such interconversion apparently occurs naturally in the 
Gulf Coast of the United States, based on the co-existence of 
toxigenic and nontoxigenic strains that appear isogenic, except 
for the presence or absence of the ctr clement. The ctx gene 
can gain entry into nontoxigenic strains experimentally by ci- 
this occurs in nature is unknown. Thus, it would scem that 
imactivation of this RS|I-mediated recombination/replication 
system might be important in vaccine development in order to 
reduce the likelihood of vaccine strains reverting to toxicity 
by contact with bacteria carrying the ctx gene. 

Both classical and El tor strains require TCP pilus expression 
for colonization and initiation of disease in animals and human 
studies. Although the classical and El tor TCP pilis are not 
identical, they are about 80% homologous, and retain nearly 
identical antigenic properties. 


d. Volunteer Studies: 


A number of studies have been done, using candidate oral 
vaccine strains produced by genetically altering and attenuating 
known virulent strains of V. cholerae. Initial vaccine candi- 
dates produced solid protection, even though they did not con- 
tain any cholera toxin genes. Diarrhea developed, however, in 
about 50% of volunteers given these strains, thus limiting their 
potential usefulness. 

Additional candidate vaccines became available (which were 
devoid of any known cytotoxic activity, felt to be partially 
responsible for the diarrhea in earlier studies) which did not 
cause diarrhea in volunteers, but which were highly immu- 
nogenic and protective. Such a strain is now available 
(CVD 103, A-B+) that contains a gene for mercury resis- 
tance which makes it readily identifiable; it 1s being tested in 
volunteers living in endemic cholera areas. It is hoped that a 
single dose of this live-attenuated vaccine may confer a high 
degree of longlasting immunity. 

Volunteer studies have also been done with genetically en- 
gineered strains that further define the requirements for an 
optimal vaccine strain. Intense colonization of the small bowel 
was a requirement for a brisk antibody response, and strains 
which lacked the newly described TCP pilus were unable to 
colonize well. Thus, the presence of the pilus was felt to be 
an important component of candidate cholera vaccine strains. 


¢. Vaccine field studies: 


A large double-blind, placebo-controlled field test of two 
candidate oral non-living cholera vaccines has been carned out 
in 63,000 persons in Bangladesh, with a completed 3-year 
followup. One vaccine was made only from whole killed chol- 
era vibrios (WC), while the other one contained in addition 
the B subunit of the cholera toxin (WCB). Three doses were 
given, no side effects were detected. At 6-months followup. 
the WC vaccine provided 58% protection, while th WCB 
vaccine gave 85% protection (a significant difference) as com- 
pared to placebo. At | year, the protection rates were not 
significantly different (S3% for WC and 62% for WCB). At 3 
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years. the protective efficacy remained equal for the two vac- 
cines (SO]-S2%). There was. however, a considerable dif- 
ference in vaccine efficacy depending on the age af immunization. 
older children and adults had about a 65% protection, whereas 
for children between the ages of 2~5 years. m was only about 
25%. The vaccine effect was also sustained at a higher level 
m older persons. 

The WCB was also found to be highly protective (75%) 
against diarrhea caused by heat-labile cntcrotoxim-producing 
E. coli, whereas the WC vaccine had no protective effect. The 
protection lasted. however. only for about 3 months following 
the immunization. The protection was clearly duc to antitoxic 
immunity produced by the cholera toxin B subunit component 
oi the vaccine, which ts immunologically similar to the heat- 
labile enterotoxin of E. coll. 

These studies indicate that an oral nonliving crude whole 
cell vaccine, which is inexpensive and free of side effects, can 
provide significant longlasting protection m older children and 
adults living in 2 cholera endemic area, and therefore could be 
a useful public health tool. Because this vaccine needs to be 
given on multiple occasions. and because the efficacy is less 
than optimal. there is clearly a need to continue to develop an 
optimal live oral vaccine. Ideally, this live vaccine would pro- 
duce all the appropriate protective antigens (including the TCP 
pilus, flagellar antigens. outer membrane proteins. cell-asso- 
ciated hemagglutenins, in addition to LPS and the B subunit 
of the cholera toxin), would be free of any side effects, could 
be given in a single dose, and would provide longlasting pro- 
tection. 


f. Studies of epidemiology and ecology: 


Clinical cases of cholera due to V. cholerae 01 continue to 
occur in the United States. Essentially, all have been traced to 
consuming vibno-contaminated crabs, shnmp. and oysters from 
the Gulf of Mexico, which its known to be an endemic focus 
of such infected shellfish. 

A number of new techniques have been developed to detect 
vibrios in the environment. These tests have become important 
because of the demonstration of viable, nonculturable V. chol- 
erae existing in the environment. These organisms have been 
shown to be viable by inoculation into both animal models and 
into human volunteers. In the latter studies, viable vibrios were 
cultured from the stools following challenge with nonculturable 
V. cholerae 01, although no clinical illness was produced 
Techniques used to identify these organisms include immu- 
nofluorescence using monoclonal antibodies, enzyme assays, 
and DNA extraction procedures. Using these detection methods 
to sample water in Bangladesh, V. cholerae were found in 
considerably greater concentrations than by traditional cultural 
methods. 

Vibnos were also found to adhere to the chitin of copepods 
and to plankton. They had previously been found to adhere to 
duckweed and larger aquatic plants, such as water hyacinth in 
Bangladesh. Clearly, the maintenance of vibrios in the aquatic 
environment by these different mechanisms may be of great 
importance in the natural history of the disease 


2. Enterotoxigenic Escherichia coli (ETEC) 


Work on ETEC has generally paralicled similar work done 
with V. cholera, because of the many similarities between the 
two organisms. Because of the greater diversity of antigenic 





structure in ETEC. however, the progress mm vaccine devel- 
opment has been considerably slower. 
a. Enterotoxins: 

|. Heat4abile enterotoxin (LT). This toxin. which is 
closely related to cholera toxum. has been cxtensin ely studied 
in terms of its epitopes. using monoclonal antibodies. There 
are multiple epitopes within the GMI binding domain of the 
LT enterotoxins. a single amino acid substitutvon has significant 
effects on the reactivity of the toxin. it has been found that 
the B subunits of human and porcine strains of ETEC differ 
by only 4 of their 103 amino acids. 

The LT is contained within the periplasmic space of the 
anisms whereby LT is released from the bacterial cells has 
been studied. Bile salts have been found to cause such release. 
but without causing cell lysis. It is postulated that this may be 
important in the milicu of the small imtestine. 

Gene-fusion techniques have resulted i. the construction of 
genes which control both the production of the B subunit of 
LT and the heat-stable toxin (ST) of ETEC, resulting in the 


the final extracellular, active 18 or 19 amino acid ST. 
Monoclonal antibodies have been developed which are used 

im a quantitative ELISA assay. these antibodies are also neu- 

tralizing. and do not cross-react with the ST of Yersinia en- 


The genetic material controlling STb was found to reside on 
a defective transposon. Only low amounts of toxin are usually 
found in culture filtrates. The toxin has now been purified, and 
found to be a polypeptide chain of 48 amino acids. The species 
specificity of this toxin may not be as narrow as originally 
thought; since it is sensitive to trypsin degradation, it may not 
be biologically active in some animal systems unless the in- 
testine is washed with a soybean trypsin inhibitor. If this is 
done, STb can be assayed in other animal models, in addition 
to the pig 


b. Colonization F actor Antigens (CFA s) 


New CFA's continue to be described. At least nine such 
antigens have been described in the last several years. Many, 


available Veing both the DMA peube snsaye ond Gee HEp-7 
assays. several ep»dernological studies have been done cor- 
relating these strains w independent serotype identification 
as well as with diarrheal disease in children. Clearly. the lo- 
calized form of adherence correlates well with diarrheal disease 
im children, whereas the diffuse type is generally not associated 
with illness. The auto-agglutinable type has been found to be 
correlated with diarrhea, often persistent diarrhea in children 

Other assays have been developed using human colon car- 
cinoma cell lines, which seem to correlate well with the HEp- 
2 assays 

More recent genetic studies have shown that two adhesive 
properties of some EPEC strains could be clearly differentiated 
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Onc, plasmmd mediated. encoded the ability of the bacteria to 
adhere non-intimately to brush borders of emteracytes. whereas 
the second. chromosomal im location. encoded the ability of 
the bacteria to attach more intimately and cfface the brush 
borders. thus mumicking the pathology demonst7ated mm animal 
and human discase with these organisms. A DNA probe for 
recogmizing these chromosomal genes has been developed and 
shown to recognize these genes not only m classical EPEC 
strains, but also m RDEC-1 (rabba) E. coli and in human 
enterohemorrhagx strains of EF. coli. 

The genetsc determmmants controlling diffuse adhesion have 
also been further studied. Genetic maternal located m a plasmid 
was found to encode for not only the diffuse adherence prop- 
expression. The receptor for the fimbria was found to be the 
Dr blood group antigen. srmular to that shown to be the receptor 
for the pili of uropathogenic strains of E. coli. 

As a result of the new information on adherence properties 
and thew genetic control. the classification of this broad group 
of E. coli is not clear-cut at the present. The term “‘enteroad- 
herent’ has been suggested to designate these strains. while 
serotypes. Clearly. there 1s considerable overlap between these 
two classifications. It is probably best to characterize such an 
E. coli strain both by its serotype and by its pattern of adherence 
andor adherence genes. 


4. Enterohemorrhagic Escherichia coli 
(EHEC) 


The past 5 years have scen the recognition of an entirely 
new group of diarrheagenic FE. coli, those associated with hem- 


orrhagic colitis, and the development of the hemolytic wiemic 
syndrome 


These strains have been found to produce high levels of a 
Shiga-like toxin (also called Vero toxin-, which is controlled 
by toxin-converting bactenophages. To date. at least three sep- 
arate Shiga-like toxins (SLT's) have been identified. The genes 
controlling the toxm production have been cloned and se- 
quenced, and the amino acid structure of the toxms has been 
determined. The SLT's are similar in subunit structure to both 
the family of cholera entertoxins and to Shiga toxin, im that 
they have five binding subunits and one active subunit. The 
structure of SLT I is identical to that of Shiga toxin, except 
for one amino acid difference. The structure of SLT Il has 
identical A subunits to SLT 1, but differs in the B subunit 
structure. and therefore in antigenicity. The mechanism of ac- 
thon of these toxins is on the villous, rather than the crypt cells, 
and does not involve cyclase activation. Rather the toxins in- 


their A subunits. The toxins bind to a Gb} receptor, as well 
as to the P! glycoprotein blood group antigen 

Using a number of animal models, i has been shown that 
the SLT's have a direct toxic effect on vascular endothelial 








but these are not as widely mmplicated m discase o thrcaks 
EHEC are known to be responsible for both sporadic and 
outbreak -related cases of both hemorrhagic colmtrn and the he- 
molytic uremic syndrome. The latter is now thought to be the 
direct result of absorbed SLT on the vascular endothelium and 


hodneys 
5. Shigella: 


The Shiga toxin has been of major interest during the past 
S years, both because of its possible role in Shigciiosis. and 
because of its near entity with Shiga-like toxm. | of E. coll 
The Shiga tox has been purified. and as stated above . comsrsts 
of five binding and one active subunit. and has mechanism of 
action identical to the SLT's and Ricin 

The binding of Shiga tou to the P| blood group determinant 
which is found in hydatid cysts. has led to simpler methads 
for purification of the toxin. and to development of semplified 


assays. 

Shiga toxin is produced only by S. dvsenteriar |. and not 
by other Shigella strains. lt can be identified im the stools of 
patients with diarrheal disease duc to this organism The tou. 


other strains of Shigella that do not make this toxum 
The Shiga toxin has been found to be a strong adjuvant in 
the intestinal tract, in a way similar to cholera toxin. The local 
response to Shigella mfecton 1s muetiated by the 


There continues to be considerable interest in the develop. 
ment of oral Shigella vaccines, however no candidate vaccines 
are yet ready for field trials 


purposes. The probe is more sensitive than the use of Wagat- 





suma agar. Homologous genes arc also present m Vibrio hol. 
lisac 

The genes controlling this hemolysin have more rocently 
been found to be duplicated m hemolytic strams. bat the two 
Copecs are not sdentical. Studies are m progress. wath the col- 
laboraton of Japanese imvestigators. to determance whether onc 
of both copies of the gene are necessary for hemolyse and or 


b. Vibrio cholerac non 0! 


©. Yersinia enterocolitica 

The chemical structure of the ST town produced has been 
elucidated. ht consists of a single peptide of 27 amino acids 
and aggregates with itself during purification. metially giving 


the impression that multiple species of the tox cxrsted. The 
ST of Y. enterocolitica has a similar amino acid structure in 


part of its molecule to that of F. coli. The ST's of this organiem 
and £. coli bind to the same intestinal receptors. but only the 
one produced by) catereceditca activates nomintestinal guan- 
yiate cyclases 

Immunologic cross-reactivity between the ST's of ) enter 
evolinca and E. coli vaned. depending upon the coupling agents 
used to produce the antibodies Some monaclonal antibodies 
produced to the ST of £. coli do not react with the ST of } 
enterocolitiwa 


d Salmonella 


Approximately SOS of stramms of S. nyphimertem were found 
to produce small amounts of a cholera-like emterotowms. as 


assayed by an ELISA method Monoclonal antibodies reacted 
hath to the enterotoums of these Sa/monetia stramms and to the 
emeratouin of V. cholerae 

The gene responsible for thes cytotomec enterotowim has been 
cloned into £. coli and the toxin has been partially purified 
Several peptides from this town preparation have heen wden- 
tified that clearly react with cholera antittoxm mm Western Mots 
it is not known, however, whether this town is emportant m 
the pathogenesis of the diarrhea produced fy these organimms 


¢. Campvlehacter pvlor 


Genetic studies have focused on the development of systems 
that would allow the molecular determinants of pathogenicity 
to be characterized. A series of shuttle and snncide vector plas- 
mids were constructed im order to introduce claned genes mto 
Campvlobacter organwms by conjugation with Fool: donors 
A method was aleo developed to transform mitact Campvle 
hacer cells with shuttle plasemd DNA wong high voltage clec- 
traporation With the use of these methods. penetic bbranes 
of Campylobacter DNA im recombinant plasmids have been 
established 


{. Clostridium difficile 


The two tous praduced by these organmm. A and B. have 
heen purified and charactenzed. and thes tending properties 
studied Immunologx assays have been developed for aicnt- 
fying the presence of the tom m stack. Monoclonal ant- 
tenes show some cross foactom hetwoen tous A and B. 
mdbcating that these towns share a low number of cprtapes 


e Clostridium perfringens 


The entcrotoum produced by these organi ms respomubic 
for symptoms of “food poronmg § Monoclonal antrhodhes 
produced agamst the town are ncutralizing and mitted se- 
cific bending to mtestinal brush border membranes Receptor 
protemms om the brush border membranes have now heen xcn- 
tified Immunology assays have been developed for mentifl- 
cation of the enterotoum om stools, such as the lates bead assay. 
which are more rchable mndicators of ines pradeced by these 
organisms than are standard microtological methods 


h. Staphvlececcus aureus 


Staphylococcal enterotoum B induces multupic suppressor 
lymphocyte populations immunosuppresssan to multiple an- 
tigens occurs. not only to the homologous antigen These find- 
mgs may be of general mmportance im studying the immunc 
response to antigens of infectious agents 

The amino aca! sequences of enterotoxins A.B, and C have 
heen found to show a 13 amino acid resadue sequence with 
significant homology among the three enterotmums Some ho- 
mology ts also shown wath the pyrogenic cxotoum of Srrep- 
AceCccus prvogenes 


t Acromonas 


These organisms have been pound to produce several towns 
that may be important mm pathogenicity These imclude two 
cytotomec entcrotouwms, one of which i cross-teactive with 
cholera tox, and a cytotoxic enterotown which also crows. 
reacts with cholera town. The role of any of these toxins in 
diarrhea production rs yet to be determined 

A subset of Acromonas strains are invasive m the RITARD 
rabit madel. praduciyg hactererma. inflammatory diarrhea and 
death m the anvmals. Most of these straims are characterized 
by herng agghutinable after houling mn culture media Strains of 
Acromonas wolated from patents with dysentery symptoms 
were sagmificantly more often autoagglutinatic than strains io- 
lated from patients with watery diarrhea. suggesting that this 
sumpic marker may be useful om characterizing these straims 


1 Enterotougenn Racterondes fragilis 


Some strains of thes species have been found to produce a 
heat latule cytotoxsk enterotoxin, which can be avsaved im an- 
mal model systems Enterotouigensc straim cause secretory 
responses in lamb ileal laaps. gnotetwot piglets. mtant rab- 
bits. and in the RITARD model. The pathologic lesions of 
inflammation and exfohation of enteracvtes are Confined to the 
sarge bowel and distal tlewm, there 1s no evidence of hactenal 
WAN aston 

The enterotoxin has not vet been purified of characternived 
in any detail, ETRE are recognized by picking typical colonies 
of 8 fragilis trom selective media, and assaying im a ological 
sytem 

In a study among Apaches m Anvzona, children above the 
ape of | vear were found to have a agnificantly higher rate of 


as 





ETBF isolation than were control children without diarrhea 
The rates of isolation were relatively high (19.7% vs 8.6%) 
and suggest that this organism could be an important newly 
recognized cause of diarrheal disease. The organism has also 
been identified in Bangladesh and in Peru, and prospective 
Studics are underway to further characterize its potential im- 
portance 


7. Epicemiologic Studies of Diarrheal 
Pathogens: 


Several community-based epidemiologic studies of acute 
diarrheal disease have been done. Studies among the Apaches 
in Whiteriver, Arizona, have shown 1) a high rate of diarrheal 
disease in children during the first year of life (~4/child/year) 
2) a strong correlation between estimates of sanitation in the 
home and the diarrhea rates of children living in the home, 
and 3) a strong correlation between attendance at a large gath- 
ering, where sanitation is les. than optimal, and subsequent 
diarrheal rates during the following week. A large array of 
diarrheagenic organisms were found, including ETEC, EPEC, 
Shigella, and rotavirus 

Epidemiologic studies of gastrointestinal disease among ho- 
mosexual men in Seattle have been done. Both symptomatic 
and asymptomatic infection with identifiable enteric pathogens 
was found to be common, and multiple agents were frequently 
involved. 

Epidemiologic studies of diarrheal disease among United 
States, and Mexican students studying in Mexico, and among 
Mexican children have been done. Major pathogens have been 
ETEC and enteroadherent strains of E. coli. The majority of 
students with shigellosis had rises in secretory IgA antibodies 
in stool. Studies in children suggested that enteroadherent strains 
of EPEC were important causes of diarrhea in that population 

Field areas will need to be developed for eventual large- 
scale efficacy studies of candidate diarrheal vaccines 


SIGNIFICANT ACCOMPLISHMENTS 


The scientific accomplishments in the field of cholera and 
related diarrheal diseases research during the past 25 years are 
too numerous to give in any detail. They cover nearly the entire 
area of bacterial diarrheal disease research, since much of this 
research has been done with funding through the NIH. Some 
of the major areas of research will be briefly summarized, 
according to the five major goals of the panels, in their order 
of priority 


Development of effective vaccines for the 
control of cholera 


Vaccine development has gone through a number of phases 
during this time. The first vaccines adequately field tested in 
Bangladesh (then East Pakistan) consisted of preparations of 
purified somatic antigens given parenterally. These vaccines 
gave protection for only about 6 months, subsequently, interest 
shifted to the development of a cholera toxoid vaccine. In 1974, 
studies in volunteers challenged with virulent V. cholerae showed 
that solid long-lasting protection could be induced by a clinical 
episode of cholera. Furthermore, studies in animal models were 
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beginning to delineate the importance of the intestinal secretory 
immune system in protection against cholera, and studies began 
to focus on the mechanics of stimulating this secretory immune 
system optimally, and to determine which antigens could best 
stimulate protective immunity. It was generally agrece that 
oral immunization was the optimal route for stimulating pro 
tective immunity. Which antigens were most protective was 
not known, but it was decided to field test two nonliving oral 
cholera vaccines, one of which contained all the known cholera 
antigens from a culture of killed vibrios, and the other one that 
also contained the B subunit (the immunogenic, but physio- 
logically inactive portion of the cholera toxin molecule-. This 
trial was carried out in the mid-1980's in Bangladesh through 
the International Center for Diarrheal Diseases Research, Bang- 
ladesh (ICDDRB), formerly the Cholera Research Laboratory. 
The study showed both vaccines, given in three doses, to pro- 
vide significant protection over at least a 3-year period, and 
to be completely free of side effects. The vaccine containing 
the B subunit of cholera toxin provided superior protection, 
but only during the first 8 months after immunization: protec- 
tion thereafter was equal. Older children and adults were better 
protected than younger children. The vaccine, though poten- 
tially a useful public health tool, is not currently being used. 

The development of a candidate live oral vaccine has con- 
tinued during the past 10 years, with the possibility that a single 
dose might provide significant long-lasting protection and with- 
out side effects. A number of candidate vaccines have been 
tested in volunteers in the United States. These studies have 
shown that colonization of the small bowel is the most im- 
portant criterion for vaccine effectiveness. One of the major 
problems in these studies was developing a candidate vaccine 
that would not itself produce diarrhea in the volunteers. Such 
a vaccine 1s now available, and is currently being tested in 
volunteers in Thailand, a cholera endemic area 

Studies are continuing, however, in identifying the most 
appropriate antigens to include in the ideal live cholera vaccine, 
and how most optimally these may be given. Antigens which 
are clearly important besides the LPS and cholera toxin anti- 
gens, are the newly described TCP pilus antigens, outer mem- 
brane proteins, flagellar antigens, and cell-associated 
hemagglutinins. Most of these antigens are directed at pro- 
ducing an immune response which interferes with the coloni- 
zation of the small bowel by V. cholerac. There is optimism 
about being able to develop such candidate vaccines which 
may be of public health importance 

As a background to this practical goal of vaccine develop- 
ment, much work was being done on dissecting the pathogen- 
esis Of V. cholerae infections. As a result, the pathogenesis of 
V. cholerae intection is perhaps one of the best known of all 
infectious diseases of man. The role of the cholera toxin in the 
production of the secretory response of the small intestine, and 
the subsequent clinical symptomatology was established. The 
cholera toxin was purified, its subunit structure characterized, 
the biochemical mechanisms for inducing secretion in the small 
bowel through cyclic nucleotide production determined, and 
its genetic control in the chromosome defined. The amino acid 
structure of the toxin molecule was identified, and parts of the 
molecule have been synthesized. In the course of this work, 
it became clear that there existed a family of related heat-labile 

‘otonic enterotoxins that shared functional and antigenic de 
tcerminants made by widely disparate organisms. These include 


not only enterotoxigenic E. coli, but strains of V. cholerae 








non-01, Salmonella typhimurium, Aeromonas hydrophila, and 
Campylobacter jejuni. With the exception of E. coli and som« 
non-O! strains of V. cholerae. the importance of these enter- 
otoxins in the pathogenesis of the diarrheal diseases produced, 
has not been determined 

Although for many years it was thought that V. cholerae did 
not produce pili, it has been recently shown that it produces 
at least three types of pili. One of them, the TCP pilus, is 
crucial for the vibrios to be able to colonize the small intestine 
and induce diarrheal disease, and appears to be an important 
protective antigen 


























The therapy of cholera 


Twenty-five years ago, cholera therapy depended upon the 
availability of intravenous fluids. The physiologic derange- 
ments had been well characterized, and the appropriate re- 
placement solutions were well known. The lack of availability, 
cost, and difficulty of administration made it impossible to 
make this therapy available to most paticnts who needed it 
Therefore, alternate methods of therapy were investigated, and 
it was found that fluids and electrolytes could be effectively 
replaced orally with solutions containing glucose and sodium 


These three photos sequentially depict the dramatic effects of oral 
rehydration in a girl who was extremely dehydrated when she 
arrived at the hospital, but appeared normal 48 hours after receiving 
oral rehydration solution, which was administered by her mother. 


in an equal molar ratio. It was also found that these solutions 
were cifective, not only mm cholera, but in all the dehydrating 
watery diarrheas. Thus, an oral replacement solution that was 
devised specifically for cholera has become a universal diarrhea 
treatment solution, and today 1s the maimstay of all diarrheal 
disease control programs around the world 

Efforts have continued to look for alternative substrates that 
may wumprove the efficiency of absorption, and thus decreas 
stool losses. This therapeut cliect has been achieved with 
cereal-based solutions contamme nce. and with early feeding 
of lactose-free foods. Simplified home solutions of food such 
as rice gruci and wheat noodic soups have been adapted for 


use by the mother to treat children at home with diarrhea 








The standard therapy for cholera now is 1) oral rehydration 
solutions, that are cheap. and can be administered by non- 
professional personnel, including the mother. 2) carly feeding 
with calorie dense food, to combat the negative nutritional 
effects of the illness, and to augment the absorption of the oral 
rehydration solutions, and 3) antibiotics, such as tetracyclines 
to shorten the course of disease to about 36 hours. Tetracyclines 
have remained the drugs of choice, since they were first shown 
in the early 1960's to be effective. 


Entertoxigenic E. coli (ETEC) 


These organisms, first found to cause severe cholera-like 
diarrhea in Calcutta in the late 1960's, have a mechanism of 
pathogenesis almost entirely analogous to that of V. cholerae. 
Based on work that had been done with the cholera organisms. 
using similar animal models and other assay systems, the en- 
terotoxins of these E. coli were identified. One of them, the 
heat-labile (LT) enterotoxin has been found to be closely related 
structurally and antigenically to cholera toxin, while the other, 
a heat-stable (ST) enterotoxin has been found to be quite dif- 
ferent, consisting of a short polypeptide chain. Both toxins are 
controlled by genetic material found on plasmids, rather than 
on the chromosome, as is the case in V. cholerae. The genetic 
material, as well as the toxins, has been completely identified. 
The ST of E. coli has become the prototype for a larger family 
of ST's, all of which share similar structure and function. These 
ST's have now been identified in V. cholerae non-01 , Yersinia 
enterocolitica, and im aniraal strains of E. coli. 

Colonization factors called pili were first described in ETEC 
as important virulence factors and necessary in some strains 
for colonization and production of diarrheal disease, these are 
also controlled by plasmid genes. 

ETEC are now known to be the most common bacteria 
causing acute diarrheal disease in most of the developing world’s 
children, and are also the most common cause of the diarrhea 
experienced by travelers to the developing world. They are 
relatively infrequently found where sanitation levels are con- 
sidered adequate 

Because of the diversity of antigens these strains carry, the 
development of vaccines has lagged considerably behind that 
of cholera. There are known at least 15-20 common O sero- 
types of ETEC, and at least 9 colonization factor antigens, in 
addition to the single antigenic LT and the nonantigenic ST 
With the exception of ST, all of these antigens are potentially 
important in developing candidate vaccine strains. During the 
cholera vaccine field trial in Bangladesh, the cholera B subunit 
vaccine provided significant short-term protection against diar- 
thea caused by LT-producing ETEC 


Environmental and Ecological Studies 


Although all the bacterial diarrheal pathogens have been well 
known to be transmitted by food and water, details of this 
transmission at the level of the home, and the survival of these 
organisms in the environment were not known. Studies over 
the past 15 years have established that V. cholerae 01 survive 
for prolonged periods of time in brackish waters, such as es- 
tuaries, especially associated with copepods, aquatic plants, 
and shellfish. Such environmental reservoirs are now known 
to serve as a source of human infections over prolonged periods 
of time, as has occurred along the U.S. Gulf of Mexico, where 


a single V. cholerae strain has caused intermittent outbreaks 
of cholera for at least the past 16 years. Nontoxigenic V. chol- 
erae 0\ are also found in brackish waters throughout the world, 
in both cholera endemic and nonendemic areas 

In the last 5 years, methods have been developed to facilitate 
the study of these organisms in the environment. V. cholerae 
organisms which are viabic. but nonculturable have been found 
in the environment. Such strains can be detected by immu- 
nologic methods as well as methods which detect the DNA of 
the organisms. These studies indicate that cholera vibrios are 
much more widespread in the environment than previously 
recognized. 


Other bacterial diarrheal pathogens 


The prototype invasive diarrheal pathogen is Shigella. The 
large molecular weight plasmid carried by all strains of Shigella 
and invasive E. coli has been of particular interest recently 
because of the invasion protein antigens which are encoded 
there. These antigens are common to all of the different strains 
carrying them, and therefore might be useful both in developing 
diagnostic assays and for consideration for use im vaccine strains. 

The Shiga toxin, produced by S. dysenteriae type |, is of 
interest because of its relation to the Shiga-like toxins of E. 
coli, discussed later, and because of the possibility that it is 
involved in the dysenteric disease produced by this organism. 
The toxin has been purified, and its receptors identified. Al- 
though it can be identified in the stools of patients infected 
with S$. dysenteriae, its role in the disease process is not clear. 

The diversity of mechanisms by which £. coli cause diarrhea 
expanded to include not only strains which produced entero- 
toxins, like V. cholerae. or were invasive, like Shigella, but 
also strains which were found to adhere to and cause effacement 
of enterocyte brush border membranes (designated enteroad- 
herent) and strains which produced Shiga-like toxins (desig- 
nated enterohemorrhagic ) 

Enteroadherent strains of E. coli, defined by their charac- 
teristic adherence to tissue culture cells, could be defined into 
three patterns: localized, diffuse, and autoaggregative. The 
genetic control of these adherence phenomena ts located both 
in plasmid and chromosomal DNA, and probes have been 
developed to allow for their ready identification. Both the lo- 
calized and autoaggregation strains are epidemiologically re- 
lated to acute diarrhea in children in developing countries 
Many enteropathogenic serotypes are also enteroadherent, and 
the classification of these organisms has yet to be fully worked 
out 

An entirely new group of £. coli, the enterohemorthagic 
strains (EHEC) has been described in the past several years 
which produces Shiga-like toxins. EHEC are etiologic in both 
a syndrome of hemorrhagic colitis and in the Hemolytic Uremic 
Syndrome (HUS). They produce at least three known Shiga- 
like toxins (or Vero toxins), known to be controlled by toxin- 
converting bacteriophages. These toxins have all been purified 
and characterized, and the genetic material which controls them 
cloned and sequenced. Their mechanism of action is through 
the inhibition of protem synthesis in a manner analogous to 
that of Ricin, a plant toxin. The SLT’s do seem to be directly 
involved in the pathogenesis of the HUS since these toxins 
bind to receptors on vascular endothelium and kidneys, and 
result in toxic damage to those cells. The Shiga tox and SLT 
1 are identical but for a single amino acid difference. These 
toxins define yet a third family of toxmms produced by diar 











theagenic bacteria. These organisms have been involved mostly 
in outbreaks of disease traced to contaminated processed food 
They seem to be infrequently found in the developing world, 
where food processing technology is not in use 

A number of new bacteria have been found to produce chol- 
era-like enterotoxins, such as Salmonella, Acromonas, and 
Camplyobacter, but the role of this toxin in the disease is 
unclear. Some bacteria, like Y. enterocolitica, produce an ST, 
similar to that of E. coli, but without evidence that the toxin 
is involved in the disease. Other organisms that produced en- 





terotoxins, such as Clostridium difficile, Clostridium perfrin- 
gens, Staphylococcus aureus have been extensively studied, 
and their enterotoxins purified and characterized. Some well- 
known organisms, like Bacteroides fragilis , have been recently 
found to produce enterotoxins, which have not yet been char- 
acterized. Some strains, such as Aeromonas, produce several 
cytotonic and cytotoxic enterotoxins, as well as being invasive, 
but the role of any of these characteristics in the disease process 
is not known. 


PROJECTS SUPPORTED BY THE PROGRAM 


Investigator and Institution 


Title 


GRANTS 


Joan Butterton 
Massachusetts General Hospital 


Stephen B. Calderwood 
Massachusetts General Hospital 


Jorge Crosa 
Oregon Health Sciences University 


Arthur Donahue-Rolfe 
New England Medical Center 


Herbert DuPont 
University of Texas, Houston 


Richard A. Finkelstein 
University of Missouri 


Richard A. Finkelstein 
University of Missouri 


Jean Ganepy 
Cancer Institute 


Michael Gill 
Tufts University 


James B. Kaper 
University of Maryland 


Frederick T. Koster 
University of New Mexico 


Gerald Keusch 
New England Medical Center 


Anthony Maurelli 
Henry Jackson Foundation 


Steve Moseley 
University of Washington 


lron-reguiated virulence factors in Vibrio cholerae 

Genetic and biochemical analyses of Shiga-like toxins 

Iron uptake as a virulence factor in pathogenic vibrios 

Shigella toxin: Structure and function relationships 

U.S./Mexican students’ susceptibility to enteric pathogens 

Escherichia coli LT-related enterotoxins 

Cholera: Pathogenesis and immunology 

Characterization of the Escherichia coli Ontario enterotoxin 
ST! receptor 

Mechanisms of action of cholera toxin 

Molecular genetics of enteropathogenic Escherichia coli 
adhesion 

Antigen handling in mucosal immunity to toxins and pili 

Shigella exotoxin: Cell receptors and mode of action 


Temperature regulation of Shigel/la virulence genes 


New adhesins of diarrhea-associated Escherichia coli 





Alison D. O'Brien 
Uniformed Services University 


Tom G. Obrig 
Albany Medical College 


Sunil Palchaudhuri 
Wayne State University 


Kenneth Peterson 
Louisiana State University 


Kathleen Richardson 


Oregon Health Sciences University 


Donald C. Robertson 
University of Kansas 


June Scott 
Emory University 


Pamela Small 
Middlebury College 


Ronald K. Taylor 
University of Tennessee 


Arnold White 
University of Missouri 


Thomas S$. Whittam 
Pennsylvania State University 


Myron M. Levine 
University of Maryland 





Shiga-like toxin of Escherichia coli 


Shiga toxin mode of action in bacterial disease 


Mechanisms of Shigella dysenteriae adhesion and 


internalization 


Analysis of Vibrio cholerae genes involved in colonization 


Role of flagella in Vibrio cholerae pathogenesis 


Pathogenicity of enterotoxigenic Escherichia coli 


Regulation of expression of adherence factors 


Invasion determinants in enteroiwnvasive Escherichia coli 


Genetic Determinants of virulence in Vibrio cholerae 


Activation of intestinal »wucosa guanylate cyclase 


Clonal nature of cytotoxigenic E. coli 


CONTRACTS 


A facility for the study of infectious diseases, vaccines, and 
other antimicrobial agents in Community volunteers 





BIBLIOGRAPHY 


Aqua, M.S., D. Svnarich, A. Dhar, anc S. Palchaudhuri. The 
stability of 0-antigen plasmid is determined by a chromosomal 
region of Shigella dysenteriae 1. Can. J. Microbiol. 34(1)58- 
62, 1988. 


Baldini, M.M., J.P. Nataro, and J.B. Kaper. Localization of a 
determinant for HEp-2 adherence by enteropathogenic Esc/re- 
richia coli. Infect. Immun. 52(1)334-336, 1986. 


Bhan, M.K., P. Raj, M.M. Levine, J.B. Kaper, et al. Enter- 
oaggregative Escherichia coli associated with persistent diarrhea 
in a cohort of rural children in India. J. Infect. Dis. 159(6)1061- 
1064, 1989. 


Black, R.E.. M.M. Levine, M.L. Clements, T. Hughes, and 
S. O'Donnell. Association between O blood group and occur- 
rence and severity of diarrhoea due to Escherichia coli. Trans 
R. Soc. Trop. Med. Hyg. 81(1)120-123, 1987 


Black, R.E.. M.M. Levine, M.L. Clements, G. Losonsky, et 
al. Prevention of shigellosis by a Salmonella tvphi-Shigella son- 
nei bivalent vaccine. J. Infect. Dis. 155(6)1260—1265, 1987 


Boesman-Finkelstein, M.. N.E. Walton, and R.A. Finkelstein 
Bovine lactogenic immunity against cholera toxin-related enter- 
otoxins and Vibrio cholerae outer membranes. Infect. Immun 
$7(4)1227-1234, 1989 


Booth, B.A., and R.A. Finkelstein. Presence of hemagglutinin 
protease and other potential virulence factors in O1 and non-0! 
Vibrio cholerae. J. Infect. Dis. 1541) 183-186, 1986 


Brown, J.E., T.G. Obrig, M.A. Ussery, and T.P. Moran. Shiga 
toxin from Shigella dysenteriae | inhibits protein synthesis in 
reticulocyte lysates by mactivation of aminoacyl-tRNA binding 
Microb. Pathog. 1(4)325-334, 1986 


Calderwood, S$.B., F. Auclair, A. Donohue-Rolfe, G.T. Keusch, 
and J.J. Mekalanos. Nucleotide sequence of the Shiga-like toxin 
genes of Escherichia coli. Proc. Natl. Acad. Sci. USA 84(13)4364 
4368, 1987 


Calderwood, $.B., and J.J. Mekalanos. Confirmation of the Fur 
operator site by insertion of a synthetic oligonucleotide into an 
operon fusion plasmid. J. Bacteriol. 170(2)1015-—1017, 1988 


Chuba, P.J.. M.A. Leon, A. Banerjee, and S. Palchaudhuri 
Cloning and DNA sequence of plasmid determinant iss, coding 
for increased serum survival and surface cxclusion, which has 
homology with lambda DNA. Mol. Gen. Genet. 216(2-3)287 
292, 1989 


Dolan, S.A., M. Boesman-Finkelstein, and R.A. Finkelstein 
Antimicrobial activity of human milk against pediatric patho- 
gens. J. Infect. Dis. 154(4)722-725, 1986 


Dolan, S.A.. M. Boesman-Finkelstcin, and R.A. Finkelstein 
Inhibition of enteropathogenic bacteria by human milk whey in 
vitro. Department of Pediatr. Infect. Dis. 1. & 7430-4436, 1989 


DuPont, H.L.,M.M. Levine, R.B. Hormick, and S.B. Formal 
Inoculum size in shigellosis and implications for expected mode 
of transmission. J. Infect. Dis. 1596)1126—1128, 1989. 


Finch, M.J., J.G. Morris, Jr., J. Kaviti, W. Kagwanja, and 
M.M. Levine. Epidemiology of antimicrobial resistant cholera 
in Kenya and East Africa. Am. J. Trop. Med. Hyg. 39(5)484- 
490, 1988. 


Finkelstein, R.A.. M.F. Burks, L.C. Rieke, R.J. McDonald, et 
al. Application of monoclonal antibodies and genetically engi- 
neecred hybnd B-subunit proteins to the analysis of the cholera/ 
coli enterotoxin family. Dev. Biol. Stand. 59-51-62, 1985. 


Finkelstein, R.A., M.F. Burks, A. Zupan, W.S. Dallas, et al. 
Antigenic determinants of the cholera/coli family of enterotox- 
ins. Rev. Infect. Dis. Wsuppl. 5)S490-SS02, 1987. 


Finkelstein, R.A., M.F. Burks, A. Zupan, W.S. Dallas, et al. 
Epitopes of the cholera family of enterotoxins. Rev. Infect. Dis. 
9 3)544-S61, 1987. 


Finkelstein, R.A.. and F. Dorner. Cholera enterotoxin (chol- 
eragen). Pharmacol. Ther. 27(1)37-47, 1985. 


Garcia-Penarrubia, P., A.D. Bankhurst, and F.T. Koster. Ex- 
perimental and theoretical kinetics study of antibacterial killing 
mediated by human natural killer cells. J. /mmunol. 142(4)1310- 
1317, 1989 


Garcia-Penarrubia, P., A.D. Bankhurst, and F.T. Koster. Pros- 
taglandins from human T suppressor/cytotoxic cells modulate 
natural killer antibacterial acivity. J. Exp. Med. 170(2)601-606, 
1989 


Garcia-Penarrubia, P., F.T. Koster, and A.D. Bankhurst. The 
maximum conjugate frequency (alpha max) characterizes killer 
cell populations. J. /mmunol. Methods 118(2)199-208, 1989 


Garcia-Penarrubia, P.. F.T. Koster, R.O. Kelley, T.D. Me- 
Dowell, and A.D. Bankhurst. Antibacterial activity of human 
natural killer cells. J. Exp. Med. 169(1)99-—113, 1989 


Garcia-Penarrubia, P., M.P. Lennon, F.T. Koster, R.O. Kelley, 
and A.D. Bankhurst. Selective proliferation of natural killer cells 
among monocyte-depieted peripheral blood mononuclear cells 
as a result of stimulation with staphylococcal enterotoxin B 
Infect. Immun. 57(7)2057-~-2065, 1989 


Griffiths, $.L., R.A. Finkelstein, and D.R. Critchley. Char- 
acterization of the receptor for cholera toxun and Escherichia 
coli heat-labile toxin on rabbit intestinal brush borders. Biochem 
J, 238(2)313-322, 1986 


Guerramt, R.L.. C_A. Wanke, R.A. Penme, LJ. Barrett, ct al 
Production of a unique cytotoxin by Campylubacter jejuni. In 
fect. Immun. §5(10)2526-25 30, 1987 


Hall, R.H., P_A. Vial, J.B. Kaper, J.J. Mekalanos. and M.M 


SI 





Levine. Morphological studies on fimbriae expressed by Vibrio 
cholerae 01. Microb. Pathog. 44)257-265, 1988. 


Hariharan, H., B.A. Booth, T.J. Brickman, W.C. Katt, et al 
Competitive enzyme-linked immunosorbent assay for cholera- 
related enterotoxins in Salmonella typhimurium. J. Clin. Mi- 
crobiol. 24(2)298-300, 1986. 


Harris, J.R.. S.D. Holmberg, R.D. Parker, D.E. Kay, et al. 
Impact of epidemic cholera in a previously uninfected island 
population: Evaluation of a new secroepidemiologic method. Am. 
J. Epidemiol. 12 3)424-430, 1986. 


Honda, T.. B.A. Booth, M. Boesman-Finkelstein, and R.A. 
Finkelstein. Comparative study of Vibrio cholerae non-O01 pro- 
tease and soluble hemmagglutinin with those of Vibrio cholerae 
O1. Infect. Immun. 55(2)451-454, 1987. 


Honda, T., K. Lertpocasombat, A. Hata, T. Miwatani, and R.A. 
Finkelstein. Purification and characterization of a protease pro- 
duced by Vibrio cholerae non-O01 and comparison with a protease 
of V. cholerae 01. Infect. Immun. 57(9)2799-2908, 1989. 


Honda, T.. M. Nishibuchi, T. Miwatani, and J.B. Kaper. Dem- 
onstration of a plasmid-borne gene encoding a thermostable di- 
rect hemolysin in Vibrio cholerae non-O! strains. Appl. Environ 
Microbiol. 52(5)1218-1220, 1986 


Hovde, C.J., S.B. Calderwood, J.J. Mekalanos, and R.J. Col- 
lier. Evidence that glutamic acid 167 is an active-site residue of 
Shiga-like toxin 1. Proc. Natl. Acad. Sci. USA 85(8)2568-2572, 
1988 


Jackson, M.P., J.W. Newland, R.K. Holmes, and A.D. O'- 
Brien. Nucleotide sequence analysis of the structural genes for 
Shiga-like toxin | encoded by bacteriophage 933 J from Esch- 
erichia coli. Microb. Pathog. 2(2)147~-153, 1987 


Jacob, C.O., R. Arnon, and R.A. Finkelstein. Immunity to heat- 
labile enterotoxins of porcine and human Escherichia coli strains 
achieved with synthetic cholera toxin peptides. Infect. /mmun 
$2(2)562-567, 1986 


Kaper, J.B. Vibrio cholerae vaccines. Rev. Infect. Dis. 1 \(suppl 
3)S568-S573, 1989 


Kaper, J.B.. and M.M. Levine. Progress towards a vaccine 
against enterotoxigenic Escherichia coli. Vaccine 6(2)197-199, 
1988 


Kaper, J.B. J.P. Nataro, N.C. Roberts, R.J. Sicheling. and 
H.B. Bradford. Molecular epidemiology of non-0! Vibrio chol 
erae and Vibrio minicus in the U.S. Gulf Coast region. J. Clin 
Microbiol. 2M 3)652-654, 1986 


Karch H., J. Heesemann, R. Laufs, HP. Kroll, et al. Sero 
logical response to type |-like somatic fimbriac in diarrheal 
infection due to classical enicropathogenic Escherichia coli. Mi 
crob. Pathog. 2(6)425-4¥4, 1987 


Karch, H.. J. Heesemann, R. Laufs, A.D. O'Brien, et al. A 
plasmid of enterohemorthagic Escherichia coli 0157:H7 is re 


§2 





quired for cxpression of a new fimbrial antgen and of adhesion 
to epithelial cells. Infect. Immun. 55(2)455-—461, 1987 


Keenan, K.P.. D.D. Sharpnack,. H. Coilins, $.B. Formal, and 
A.D. O’Brien. Morphologic evaluation of the effects of Shiga 
toxin and E. coli Shiga-like toxin on the rabbit intestine. Am. 
J. Pathol. 125(1)69-80, 1986. 


Knutton, S.. M.M. Baldini, J.B. Kaper, and A.S. McNeish. 
Role of plasmid-encoded adherence factors in adhesion of en- 
teropathogenic Escherichia coli to HEp-2 cells. Infect. Immun. 
55(1)78-85, 1987 


Koster, F.T., D.L. Palmer, J. Chakraborty, T. Jackson, and 
G.C. Curlin. Cellular immune competence and diarrheal mor- 
biuity in malnourished Bangladeshi children: A prospective field 
study. Am. J. Clin. Nutr. 46(1)115-20, 1987 


Levine, M.M. Antimicrobial therapy for infectious diarrhea. 
Rev. Infect. Dis. S suppl. 2)S207-S216, 1986 


Levine, M.M. Clinical and field trials to assess the efficacy of 
vaccines against bacterial enteric infections. Ann. Sclavo. Col- 
lana. Monogr. 1-—2)41-—S0, 1986 


Levine, M.M. Escherichia coli that cause diarrhea: Enterotox- 
igenic, enteropathogenic, enteroinvasive, enterohemorrhagic , and 
enteroadherent. J. Infect. Dis. 155(3)377-—389, 1987 


Levine, M.M., J.B. Kaper, D. Herrington, J. Ketley, et al 
Safety, immunogenicity, and efficacy of recombinant live oral 
cholera vaccines, CVD 103 and CVD 103-HgR. Lancet 
2(8609)467-470,, 1988 


Levine, M.M., J.B. Kaper, D. Herrington, G. Losonsky, et al 
The current status of cholera vaccine development and experi- 
ence with cholera vaccine trials in volunteers. Southeast Asian 
J. Trop. Med. Public Health 1%3)401-—415, 1988 


Levine, M.M., 3.B. Kaper, D. Herrington, G. Losonsky, et al 
Volunteer studies of deletion mutants of Vibrio cholerae O1 
prepared by recombinant techniques. /nfect. /mmun. S6(1)161 

167, 1988 


Levine, M.M., G. Losonsky, D. Herrington, J.B. Kaper, et al 
Pediatric diarrhea: The challenge of prevention. Pediatr. Infect 
Dis. SL suppl. jS29-S43, 1986 


Levine, M.M., V. Prado, R. Robins-Browne, H. Lior, et al 
Use of DNA probes and HEp-2 cell adherence assay to detect 
diartheagenic Escherichia coli. J. Infect. Dis, 1S®&1)224—-228., 
1988 


Levine, M.M.. and P. Vial. Escherichia coli that cause diarrhea 
Indian J. Pediatr. $5‘ 2)183~-190, 1988 


Levine, M.M., 3.G. Xu, J.B. Kaper, H. Lior, et al. A DNA 
probe to identify enterohemorrhagic Escherichia coli of 01571417 
and other scrotypes that cause hemorrhagic colitis and hemolytic 
uremic syndrome. J. Infect. Dis. 1S641)17S—182, 1987 

Black. 


Levine, M.M.. CR. Young, RI Takeda, and R.A 





Finkelstein. Enzyme-linked immunosorbent assay to measure 
antibodies to purified heat-labile enterotoxins from human and 
porcine strains of Escherichia coli and to cholera toxin: Appli- 
cation in serodiagnosis and serocpidemology. J. Clin. Micro- 
biol. 21(2)174—179, 1985. 


Lin, F.Y., J.G. Morris, Jr., J.B. Kaper, T. Gross, et al. Per- 
sistence of cholera in the United States: Isolation of Vibrio chol- 
erae 01 from a patient with diarrhea in Maryland. J. Clin. 
Microbiol. 23(3)624-626, 1986. 


Ludwig, D.S., R.A. Finkelstein, A.E. Karu, W.S. Dallas, et 
al. Anti-idiotypic antibodies as probes of protein active sites: 
Application to cholera toxin subunit B. Proc. Natl. Acad. Sci. 
USA 84(11)3673-3677, 1987. 


Mainil, J.G., C.J. Duchesnes, S.C. Whipp, L.R. Marques, et 
al. Shiga-like toxin production and attaching effacing activity 
of Escherichia coli associated with calf diarrhea. Am. J. Vet. 
Res. 48(5)743-748, 1987. 


Mair, G.B., Y. Oku, Y. Takeda, A. Ghosh, et al. Toxin profiles 
of Vibrio cholerae non-0\ from environmental sources in Cal- 
cutta, India. Appl. Environ. Microbiol. $4(12)3180-3182, 1988 


Marques, L.R., M.A. Moore, J.G. Wells, LK. Wachsmuth, 
and A.D. O'Brien. Production of Shiga-like toxin by Esche- 
richia coli. J. Infect. Dis. 154(2)338-341, 1986. 


Miller, V.L., R.K. Taylor, and J.J. Mekalanos. Cholera toxin 
transcriptional activator toxR is a transmembrane DNA binding 
protein. Cell 48(2)271-279, 1987. 


Mitra, U., S.P. De, G.B. Nair, B.L. Sarker, and S. Palchau- 
dhuri. Plasmid patterns, serotyping and Kanagawa phenomenon 
of Vibrio parahaemolyticus isolates from man, water, and fish 
in Calcutta, India. J. Diarrhoeal Dis. Res. “3)171-174, 1987 


Moore, M.A., MJ. Blaser, G.1. Perez-Perez, and A.D. O'- 
Brien. Production of a Shiga-like cytotoxin by Campylobacter 
Microb. Pathog. 4(6)455-462, 1988 


Nataro, J.P,. J.B. Kaper, R. Robins-Browne, V. Prado, et al 
Patterns of adherence of diarrheagenic Escherichia coli to HEp- 
2 cells. Pediatr. Infect. Dis. J. &(9)829-831, 1987 


Nataro, J.P., K.O. Maher, P. Mackie, and J.B. Kaper. Char- 
acterization of plasmids encoding the adherence factor of en- 
teropathogenic Escherichia coli. Infect. Immun. 55(10)2370 
2377, 1987 


Nishibuchi, M., W.E. Hill, G. Zon, W.L. Payne, and J.B 
Kaper. Synthetic oligodeox yribonucleotide probes to detect Kan- 
agawa phenomenon-positive Vibrio parahaemolyticus. J. Clin 
Microbiol. 246)1091-1095, 1986 


O'Brien, A.D., and R.K. Holmes. Shiga and Shiga-like toxins 
Microbiol. Rev. 51(2)206-220, 1987 


Ohng. T.G., PJ. Del Vecchio, J.E. Brown, T.P. Moran, et al 
Direct cytotyoxic action of Shiga toxin on human vascular en- 
dothelial cells. Infect. Immun. 56(9)2373-2378, 1988 


Obnig. T.G., PJ. Del Vecchio, M.A. Karmali, M. Petric, et 
al. Pathogenesis of haemolytic uraemic syndrome [letter]. Lancet 
2(8560)687. 1987. 


Obng. T.G., T.P. Moran, and J.E. Brown. The mode of action 
of Shiga toxin on peptide clongation of eukaryotic protem syn- 
thesis. Biochem. J. 2442)287-294, 1987. 


Oku, Y., T. Yutsudo, T. Hirayama, A.D. O'Brien, and Y 
Takeda. Purification and some properties of a Vero Toxin from 
a human strain of Escherichia coli that is immunologically re- 
lated to Shiga-like toxin Il (VT2). Microb. Pathog. 6(2)113- 
122, 1989. 


Panigrahi, D., M. Burks, H. Hariharan, and R.A. Finkelstein. 
Evaluation of immuno-dot-blot assay for detection of cholera- 
related enterotoxin antigen in Salmonella tryphimurium. J. Clin. 
Microbiol. 25(4)702-705, 1987. 


Perera, L.P., L.R. Marques, and A.D. O'Brien. Isolation and 
characterization of monoclonal antibodies to Shiga-like toxin Il 
of enterohemorrhagic Escherichia coli and use of the monoclonal 
antibodies in a colony exzyme-linked immunosorbent assay. J. 
Clin. Microbiol. 26(10)2127-2137, 1988. 


Pierce, N.F., W.C. Cray, Jr., J.B. Kaper, and J.J. Mekalanos. 
Determinants of immunogenicity and mechanisms of protection 
by virulent and mutant Vibrio cholerae 01 in rabbits. Infect. 
Immun. 56(1)142-148, 1988. 


Pierce, N.F., J.B. Kaper, J.J. Mekalanos, W.C. Cray, Jr., and 
K. Richardson. Determinants of the immunogenicity of live vir- 
ulent and mutant Vibrio cholerae 01 in rabbit intestine. /nfect 
Immun. 55(2)477-481, 1987. 


Rennels, M.B., and M.M. Levine. Classical bacterial diarrhea: 
Perspectives and update—Salmonella, Shigella, Escherichia coli, 
Aeromonas and Plesicmonas. Pediatr. Infect. Dis. \sappi. 1)S9\- 
$100, 1986 


Richardson, K., J.B. Kaper, and M.M. Levine. Human immune 
respunse to Vibrio cholerae 01 whole cells and isolated outer 
membrane antigens. /nfect. /mmun. 57(2)495-S01, 1989 


Richardson, K., J. Michalski, and J.B. Kaper. Hemolysin pro- 
duction and cloning of two hemolysin determinants from clas- 
sical Vibrio cholerac. Infect. Immun. 54(2)415-420, 1986 


Saxena, S.K., A.D. O'Bnen, and EJ. Ackerman. Shiga toxin, 
Smga-like toxin Il variant, and ncin are all single-site RNA N- 
tlycosidases of 28 S RNA when microinjected into Xenopus 
wocytes. J. Biol. Chem. 264(1)596-601, 1989 


Sciortino, C.V., Z.S. Yang, and R.A. Finkelstein. Monoctonal 
antibodies to outer membrane antigens of Vibrio cholerae. In 
fect. Immun, 49% 1)122-131, 1985 


Selander, R.K.. ].M. Musser, D.A. Caugant, M.N. Gilmour, 
and T.S. Whittam. Population genetics of pathogenic bacteria 
Microb. Pathog. \1)\1-7, 1987 


Strockbine, N.A., M.P. Jackson, L.M. Sung. R.K. Holmes. 


§3 





and A.D. O'Brien. Cloning and sequencing of the genes for 
Shiga toxin form Shigella dysenteriae type |. J. Bacteriol 
170(3)1116-1122, 1988. 


Strockbine, N.A.. L.R. Marques, J.W. Newlland, H.W. Smith, 
ct al. Two toxin-converting phages from Escherichia coli 15717 
strain 933 encode antigenically distinct toxins with similar biol- 
ogyic activities. Infect. Immun. 5\1)135-140, 1986 


Tacket, C.0.,G. Losonsky, H. Link, Y. Hoang, et al. Protection 
by milk immunoglobulin concentrate against oral challenge with 

genic Escherichia coli. N. Engl. J. Med. 318(19)1240- 
1243, 1988. 


Tacket, C.O., D.R. Maneval, and M.M. Levine. Purification, 
morphology. and genetics of a new fimbrial putative colonization 
factor of enterotoxigenic Escherichia coli 0159-H4. Infect. Im- 
mun. 55(5)1063-1069, 1987. 


Tay! -, R.K., C. Manoil, and J.J. Mekalanos. Broad-host-range 
vectors for delivery of TaphoA: Use in genetic analysis of se- 
creted virulence determinants of Vibrio cholerae. J. Bacteriol. 
171(4)1870-1878, 1989. 


Taylor, R.K., V.L. Miller, D.B. Furlong, and J.J. Mekalanos 
identification of a pilus colonization factor that is coordinately 
regulated with cholera toxin. Ann. Sclavo. Collana. Monogr 
M1-2)51-61, 1986. 


Taylor, R.K., V.L. Miller, D.B. Furlong, and J.J. Mekalanos 
Use of phoA gene fusions to identify a pilus colonization factor 
coordinately regulated with cholera toxin. Proc. Natl. Acad 
Sei. USA 84(9)2833-2837, 1987. 


Taylor, R., C. Shaw, K. Peterson, P. Spears, and J. Mekalanos 
Safe, live Vibrio cholerae vaccines” Vaccine 6(2)151~—154, 1988 


Thompson, M.R., R.L. Jordan, M.A. Luttrell, H. Brandwein, 
et al. Blinded, two-laboratory comparative analysis of Esche- 
richia coli heat-stable enterotoxin production by using mono- 
clonal antibody enzyme-linked immunosorbent assay, 
radioummunoassay, suckling mouse assay, and gene probes. / 
Clin. Microbiol. 24(5)753-758, 1986 


Tzipori, S.. H. Karch, K.1. Wachsmuth, R.M. Robins-Browne, 
et al. Role of a 60-megadalton plasmid and Shiga-like toxins in 
the pathogenesis of iniection caused by enterohemorrhagic Esch 
erichia coli O1S57:H7 im gnotobiotic piglets. Infect. Immun 
S51 12)3117-3125, 1987 





Vial, P_A., R. Robins-Browne, H. Lior, V. Prado. ct al. Char- 
acterization of en’eroadherent-aggregative Escherichia coli, a 
putative agent of diarrheal discase. J. Infect. Dis. 158 1)70-79, 
1988 


Virmr, E.R., L. Lawrisuk, J. Galen, and J.B. Kaper. Cloning 
and expression of the Vibrio cholerac neurarmimidase gene nanH 
in Escherichia coli. J. Bacteriol. 17H4)1495—1504, 1988 


Weinstein, D.L., R.K. Holmes, and A.D. O'Brien. Effects of 
iron and temperature on Shiga-like toxin | production by Esch- 
erichia coli. Infect. Immun. S6(1)106-111, 1988 


Weinstein, D.L.. M.P. Jackson, J.E. Samuel, R.K. Holmes, 
and A.D. O'Brien. Cloning and sequencing of a Shiga-like toxin 
type Il variant from Escherichia coli strain responsible for edema 
disease of swine. J. Bacteriol. 170(9)4223-4250, 1988 


Whittam, T.S. Clonal dynamics of Escherichia coli in its natural 
habitat. Antonie van Leewwenhoek 55(1)23—32, 1989 


Whittam, T.S.. LK. Wachsmuth, and R.A. Wilson. Genetic 
evidence of clonal descent of Escherichia coli 0157:H7 asso- 
ciated with hemorrhagic colitis and hemolytic uremic syndrome 
J. Infect. Dis. 1S7(6)1124—1133, 1988 


Whittam, T.S., and R.A. Wilson. Genetic relationships among 
pathogenic strains of avian Escherichia coli. Infect. Immun 
$6(9)2467-2473, 1988 


Whittam, T.S., M.L. Wolfe, and R.A. Wilson. Genetic rela- 
tionships among Escherichia coli isolates causing urinary tract 
infections in humans and animals. Epidemiol. Infect. 102(1)37- 
46, 1989 


Willams, R.C., Jr., G. Husby, and F.T. Koster. Well-defined 
cell-surface receptors may be entry points for mfectious agents 
Scand. J. Immunol. 2M S)529-533, 1986 


Wolf, M.K., G.P. Andrews, B.D. Tall, M.M. McConnell, et 
al. Characterization of CS4 and CS6 antigenic components of 
PCFS8775, a putative colonization factor complex from entero- 
toxigenic Escherichia coli E8755. Infect. Immun. $7(1)164- 
173, 1989 


Wood, P.K.. 1.G. Morris, Jr., P.L. Small, O. Sethabutr, et al 
Comparison of DNA probes and the Sereny test for identification 
of mvvasive Shigella and Escherichia coli strains. J. Clin. Mi- 
crobiol, 24(3)498-S00, 1986 











Japanese Cholera and Related Diarrheal Diseases Panel 


BROAD GOALS 


The Japanese Cholera and Related Diarrheal Diseases Panel 
has carried on joint research with the U.S. Panel on the fol- 
lowing: (1) pathogenic factors produced by Vibrio cholerae 
and related bacteria: (2) bacteriology of Vibrio cholerae and 
related bacteria; (3) diarrheal diseases due to cholerae-like en- 
terotoxins, and (4) immunity of cholera and related vibrios. 
The ultimate objective of this joint research is to decrease the 
morbidity and mortality of cholera and related diarrheal dis- 
cases. For this purpose, studies have been performed in bac- 
teniology and genetics, on structure and function of toxin and 
other virulence factors, in pathology, and in immvaology of 
toxins and vanous bacterial cellular antigens. 

The most important objective of the joint research is to 
develop an immunogen with immunizing Capacity superior to 
the protection afforded by conventionally killed vaccines. To 
achieve this objective, rigorous studies are underway by many 
investigators 

The occurrence of diarrheal diseases in humans cannot be 
optimally effective unless research on not only V. cholerae, 
but also other vibrios such as V. cholerae non-D)! and V. par- 
ahaemolyticus, emerotoxigenic E. coli, Shigella, and others 
are carned out. Studies are now in progress on the virulence 
factors and on the pathophysiology of these bacteria 


PROGRESS IN PRIORITY AREAS 


Bacteriology of V. cholerae and related 
diarrheagenic bacteria 


Chemical structure of cell wall lipopolysaccharide (LPS) of 
V. cholerae 01 and V. cholerae bio-serogroup HAKATA has 
been well characterized. A 2-Keto-3-deoxy-octonate (KDO)- 
like substance of LPS of V. parahaemolyiicus has been iden- 
tified as 2-Keto-3-deoxy-threo-hexonic acid 

To characterize the antigenicity of V. cholerae , several mon- 
oclonal antibodies against V. cholerae 01 O-antigens are pre- 
pared. They are subdivided imto three groups: the first group 
has the :dentical reactivity to both Ogawa and Inaba serotypes, 
the second reacts with only Inaba serotype, and the third is 
reactive mainly with Inaba serotype but weakly with Ogawa 
serotype 


Genetic studies on V. cholerae and related 
diarrheagenic bacteria 


Genetic studies on the genes involved mm epithelial invasion 
of Shigella flexneri and S$. sonnei have showed great progress 
In S. flexneri and S. sonneri, 7 and 8 genes, respectively, are 
demonstrated to be involved in invasion of the intestine. The 
nucleotide sequences of some of the genes of the virulence- 
associated region mm the chromosome have been determined 


The genetic mechanism of the production of heat-labile en- 
terotoxin (LT) by enterotoxigenic Escherichia coli has also 
been studied. Strains which produce significantly different 
amounts of LT carry almost identical amount of mRNA for 
LT. Thus, it ts concluded that expression of LT gene is not 
regulated at the transcriptional level. The downstream region 
of the LT gene is assumed to play a role in regulation of the 
expression of the LT operon. 

In V. parahaemolyticus, evidence has been found that the 
gene for the thermostable direct hemolysin moves as a trans- 
position between different replicons 


Studies on toxins and other virulence factors 
produced by V. cholerae and related bacteria 


Cholera toxin activates the membrane-bound adenyiate cy- 
clase of the target cells. Extensive work on the biochemical 
mechanism of the activation of adenylate cyclase has been 
carried out, and the mechanism of interaction between ADP- 
ribosylation factors needed for activation of cholera toxin and 
the Al fragment of cholera toxin has been studied. 

The structure and function relationship of heat-stable enter- 
otoxin (ST) of enterotoxigenic E. coli has been well charac- 
terized. The positions of three disulfide linkages in ST are 
determined and the importance of these linkages in ST-activity 
is demonstrated. Synthetic ST-analogues with single replace- 
ments of amino acid residues with D-amino acid have been 
prepared and tnological and physicochemical properties of these 
analogues have been studied. The ST-analogue with D-Cys at 
position 5 is a strong agonist, suggesting that the analogue is 
a possible candidate for a nontoxic, immunogenic toxond 

A newly recognized diarrheagenic bacteria, enterohemor- 
thagic E. coli, produces two distinct toxins that kill Vero cells 
(Vero toxin, VT). One of them, VT1 or Shiga-like toxin I, is 
found to be identical in the amino acid sequence as well as the 
nucleotide sequence of the gene to Shiga toxin produced by 
Shigella dysenteriae. The other, VT2 or Shiga-like toxin II, 
has about 60% homology in the amino acid sequence and the 
nucleotide sequence to Shiga toxm 

Studies to elucidate the mode of action of VT! and VT2 
have been carried out. Both toxins as well as Shiga toxin show 
RNA N-glycosidase activity and cleave the N-glycosidase bond 
of an adenosine at position 4324 from the 5S’ terminus of 28S 
ribosomal RNA of GOS ribosomal subunit of cukaryotic cells 
This enzymatic activity results in inhibition of protein synthesis 
in eukaryotic cells. How this biochemical reaction relates to 
the symptoms of enterohemorrhagic FE. coli and §. dysenteriae 
remained to be determined 

Thermostable direct hemolysin (TDH) of V. parahaemol, 
ticus is well recognized as an important virulence factor. TDH. 
like hemolysin (TL) has been isolated and purified, and its 
role as a virulence factor has been studied. The nucleotide 
sequence of the gene for TLH has been determined 
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Studies on infection and its mechanism of V. 
cholerae and related bacteria 


The inhibitory effect of various kinds of calcium antagonists 
in cholera toxin-induced secretory diarrhea has been studied 
it has been concluded that Ca’ * -mediated pathway partici- 
pates in cholera toxin-induced intestinal secretion. 

The mechanism of suppression of T-cell responses by chol- 
era toxin is also studied. Cholera toxin causes a relative increase 
of L3T4-cells and a decrease in L3T4+ T cells. In further 
study based on the above observations, it has also been dem- 
onstrated that an organ-specific autoimmune phenomenon, in- 
sulitis, can be prevented and the resultant diabetes treated by 
cholera toxin in the experimental animal. 

The adherence of V. cholerae 01 , V. cholerae non-Oi , Vibrio 
parahaemolyticus and enterotoxigenic Escherichia coli (ETEC) 
to human small intestinal mucosa have been studied with sam- 
ples excised from patients with ascending colon cancer. V. 
cholerae 0\ ami V. cholerae non-O| adhere, in decreasing 
order, t0 mucus coating, the epithelial surface (especially M 
cell) of ileal lymphoid follicles, and the epithelial surface of 
ileal or jejunal villi; V. parahaemolyticus adheres, in decreas- 
ing order, to the epithelial surface (especially M cell) of ileal 
lymphoid foilicles, the epithelial surface of villi, and the mucus 
coating. ETEC adhere more to the epithelial surface of ileal 
lymphoid follicles than to epithelial surface. 


SIGNIFICANT ACCOMPLISHMENTS 


Cholera Toxin: Its Two Antigenic Components 
(Subunits) and Three-Dimensional Molecular 


Shapes. 


In the **First Conference on the Cholera Problem”: held from 
July 26 to 29, 1988 at the Imperial Department of Health in 
Berlin, Robert Koch mentioned in his discussion that “‘Ich 
Mochte nur betonen dass sich im Darminhalt unter dem Ein- 
fluss der Konwnabazillen cine toxische Substanz dildet.’’ The 
toxic substance, imitially designated choleragen and now called 
cholera toxin or cholera enterotoxin, was purified to homo- 
geneity in 1969 trom the culture supernatant of Vibrio cholerae 
Ol, a causative agent of cholera. Howe ver, there were problems 
left to be solved for further critical understanding about its 
molecular nature. Investigations in 1969 found choleragenoid 
at the last step of purification of cholera toxin. Choleragenoid 
was immunologically identical with cholera toxin but was lack- 
ing in toxicity for model animals, and thus it was the spon- 
tancously formed toxoid 

In 1972, large-scale methods using 200-liter pilot fermentors 
were developed for producing purified cholera toxin. The meth- 
ods yielded ca. | mg of purified cholera toxin from | liter of 
culture of V. cholerae 01 (strain S69B; classical biotype. Inabe 
serotype). Horse and rabbit antisera to the purified cholera toxin 
were then prepared in a large scale. Using those substances. 
investigators in 1972 clearly demonstrated that cholera toxin 
and choleragenond can immunologically be distinguished from 
each other—the data were presented at the 9th US-Japan Jownt 
Cholera Conference held at Grand Canyon, Arizona, im Oc- 
tober 1973. When cholera tox and choleragenoid were ana- 
lyzed by the agar gc! immunodiffusion tests, horse antiserum 
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to cholera toxm gave a definite precipitin line (against both 
cholera toxin and choleragenoid) with a spur cxtending the 
cholera toxin (choleragen)-precipitin line beyond the cholera- 
genoid-precipitin line. The result unambiguously indicated the 
presence of antigenic determinants not only common between 
cholera toxin and choleragenond but also unigue to cholera 
toxin. The spur-bearing antibody was then isolated by means 
of affinity chromatography. This spur-bearing antibody reacted 
with cholera toxin but not with choleragenoid. as expected 
Based on the observations, scientists concluded im 1973 that 
(i) cholera toxin consisted of two antigenic components (sub- 
units): one being essential for the production of toxicity and 
one being nontoxic; and (i) choleragenoid lacked the former 
component 

Around the same time or immediately afterward, the subunit 
structure of cholera toxin was reported in detail by investigators 
in Sweden and the United Kingdom: their data confirmed the 
work of Japanese and American scientists. There is now a 
consensus that the cholera toxin molecule consists of one sub- 
unit A moiety and five subunit B moieties. The subunit A 
undergoes post-translational processing to generate Al and A2 
peptides; Al and A2 are linked to each other by a single 
disulfide bond, and A2 is presumably important for binding of 
Al to the subunit B. The subunit B binds to the receptor (GMI 
ganglioside) of the target cells. Subsequently, the subunit A 
(Al-A2) penetrates across the membrane and the Al portion 
(ADPT-ribosyltransferase), separated from the rest of the mol- 
ecule, catalyzes the ADP-ribosylation of Gs alpha, the stim- 
ulatory GTP-binding protein of the adenylate cyclase system, 
resulting in elevation of intracellular cyclic AMP levels. In 
contrast, choleragenoid consisted of oligomers of the subunit 
B. Thus, the spur-bearing antibody. reported in 1974, was an 
amtibody that specifically recognizes the subunit A in cholera 
holotoxin. This fact also indicated that some epitopes of the 
subunit A are located on the outside surface of the cholera 
toxin molecule 

The three-dimensional molecular structures of purified chol- 
era toxin and choleragenoid were analyzed in the electron mi- 
croscope by several collaborating imvestigators in 1975 and 
1976—the data were presented at the 10th U.S.-Japan Joint 
Cholera Conference held in Kyoto, October 1974. In order to 
visualize the cholera toxin or choleragenoid molecules, the 
negative-contrast technique was used in those studies. The 
specimens were analyzed in a transmission clectron microscope 
with an accelerating voltage of 75-80 kV and direct magnifi- 
cation of 5S0,000-—80,000X. Cholera toxin molecules observed 
were almost uniform in size aod had a unique three-dimensional 
structure. In this case, the subunit B molecules were arranged 
in a ring form or lke flower petals around a center core of the 
subunit A. The number of the subunit B molecules consisting 
of a ring form was estimated to be five or six. The topological 
relation of cach protein clement varied under the test condi- 
tions —it was considered that those clements may not be rigidly 
combined in the toxin molecule. In contrast, in the case of 
choleragenon, only a ring form of the subunit B was observed, 
and a center core which was detected with native cholera toxin 
was lacking. The scientists thus concluded with respect to the 
three-dimensional shape of cholera toxin that the subunit A 
molecule lies at the center and five or six subunit B molecules 
construct a ring-form structure surrounding the center core 








The subunit arrangement (number) of cholera toxin, which was mem with the subunit structure as determined by ec! clectro- 
determined by the electron microscopy, was m cxcellent agree- phoresis or othe; methods 
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Joint Scientific Conferences 


CHOLERA AND RELATED DIARRHEAL DISEASES PANELS 


Date: November 6-8, 1984 


Place: Nara, Japan 

Summary: The intense interest in the mucosal immune re- 
sponse to cholera immunization continued in this year's pre- 
sentations. Animal studics continue to support the superior 
immunogemcity of live bacteria, regardless of whether they 
produce enterotoxin or toxin subunits. Furthermore, data pre- 
sented at the mecting showed that oral immunization is less 
efficient in females during periods of lactation and in infants 
who are nursing on milk containing high levels of antibody. 

Studies of cholera pathogenesis in mice have shown a genetic 
basis for resistance to cholera toxin-induced secretion and sug- 
gest that sensitivity is mediated in part by cells from the bone 
marrow. Studies of the pathogenesis of enterotoxigenic F. coli 
have focused on the heat-stable enterotoxins (ST), which have 
now been completely sequenced. All 18- and 19-amino acid 
toxins have virtually identical core sequences. 

Genetic studies of V. cholerae have focused on the fee letory 
genes controlling enterotoxin production. In ETEC, e~ ACS 
controlling STb production reside on a transposon, whereas 
the genes controlling Shiga-like toxin reside on specific bac- 
teriophages. The genes are highly related to the cytotoxin genes 
on the chromosome of Shigella species. Some strains of E. 
coli have been found to eroduce very high quantities of these 
Shiga-like toxins 


Date: October 21-23, 1985 
Place. Bethesda. Maryland 


Summary: Vaccine development was a highlight of this meet- 
ing. New, recombinant strains of V. cholerae have been con- 
structed, and prelimimary volunteer studies have shown that 
these strains are non-diarrheagenic but highly protective These 
strains may become candidates for field trials and would have 
the advantage of stimulating protection after a single oral im- 
munization. In the meantime, results from a large-scale field 
trial in Bangladesh have shown that killed cholera vaccines 
(with or without B subunit) were significantly protective during 
the first 6 months of the trial. The whole cell vaccine gave 
58% protection vs. 85% for the whole cell + B subunit vac- 
cine. 

Several studies of the role of iron-regulated proteins and 
cell-associated hemagglutinins in pathogenesis were presented 
at the meeting. In addition, studies of the genetic control of 
host response to cholera toxin have shown that this property 
is in part controlled by the major histocompatibility complex, 
although receptor interactions and diffcrent subpopulations of 
cells also contribute to this effect 

Other important presentations were given on the structure 
of Shiga and Shiga-like toxins and on the potential role of 


entcroadhesive E. coli m diarrhea in children. Two distinct 
receptors for the Shiga toxin B subunit have been described 
The receptors are developmentally regulated and are not de- 
tectable in animals younger than 18 days. when they become 
sensitive to Shiga toxin. 


Date: July 20-23, 1986 


Place: Toyama, Japan 

Summary: Vaccine studies of live, oral cholera vaccines con- 
tinue to be promising. One vaccine developed at the University 
of Maryland (CVD 103) is highly immunogenic and protective. 
while producing few side effects. Other studics showed that 
the vaccine strain must colonize the intestine well im order to 
adequately stimulate the mucosal immune response and that a 
pilus colonization factor in V. cholerae is required for colo- 
nization and is coordinated regulated with cholera toxim pro- 
duction. 

The rapid pace of research on enterotoxins was clearly shown 
in the presentations at this meeting. The Shiga toxin and Shiga- 
like toxins of E. coli and V. cholere have been further identified 
and characterized through nucleotide sequencing and cloning 
The B subunit of Shiga toxin is only distantly related to the B 
subunit of E. coli LT and V. cholerae classical enterotoxins 
The Shiga toxin also has been shown to affect only the villus 
cells and not the crypt cells of the intestine. The toxin seems 
to cause decreased absorption in villus cells without influencing 
the secretory activity of the crypt cells, a process simular to 
the way viruses invoke a diarrheal response. Other reports 
compared the nucleotide sequence similarities between Shiga 
toxin and the other Shiga-like toxins 


Date: November 10-12, 1987 


Williamsburg, Virgima 


Summary: Data trom the first year of followup im the oral 
killed V. cholerae ficld trial in Bangladesh were presented 
Protection was 53% in the group who received the whole cell 
vaccine and 62% for those who received the whole cell + B 
subunit vaccine. Protection was greatest in persons over 6 years 
old. A derivative of the live, oral V. cholerae vaccine (CVD 
103) has been constructed to contain a gene encoding mercury 
resistance. This strain is immunogenic and safe in volunteers 
and provides good heterologous protection 

Presentations from studies with enterotoxigenic E. coli (ETEC) 
vaccines included studies of an oral, nonliving vaccine that 
had been prepared by treating E. coli with colicin E2. This 
vaccine stimulated intestinal IgA responses in volunteers and 
protected against homologous challenge in 24 volunteers. A 
bovine colostrum concentrate obtained from cows immunized 


Place: 
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with ETEC was shown to be compictely protective against 
challenge wath ETEC im volunteers. These data suggest that 


this approach may be useful for prophylaxis m travelers diar- 
rhea 

Several presentations also focused on genetic regulation of 
cholera toxin and pilus formation as wel! as the structure and 
activities of toxins produced by Shigella, E. coli, Acromonas. 
and Bacteroides 


Date: November 13-15, 1988 


Place: Tokyo, Japan 

Summary: One of the major themes at this mecting was the 
genetic regulation of ton and pili expression im V. cholerae 
Several studies showed thai many genes— most of which have 
not been characterized—are coordinately regulated by central 


regulatory gene(s) such as ToxR. There were also several stud- 
res describing the bending mechanisms. receptors. and structure 
of the enterotoxins of noncholera organisms. especially enter- 
otoxigenic E. coli and Shigella 

The 3-year followup of the killed. oral V. cholerae vaccine 
tral in Bangladesh showed that the cumulative protective cf- 
ficacy for the entire interval was 50% for the whole cell + B 
subunit and 52% for the whole cell vaccine alone. Efficacy 
was less for children vaccinated between 2 and 5 years of age 
(26% and 23%, respectively). Vaccine efficacy was 63% and 
68% for persons over 5 years of age, and the vaccine effect 
was sustained in older persons. The live. oral vaccine devel- 
oped at the University of Maryland was shown to be safe and 
immunogenic in volunteers in Thailand 

Other key presentations focused on the genes responsible 
for invasion by Shigella, the synthesis and processing of en- 
terotoxins in E. coli, and the potential role of enterotoxigenic 
Bacteroides fragilis a. a pathogen in older children and adults 
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Profiles 


U.S. ENVIRONMENTAL MUTAGENESIS AND CARCINOGENESIS PANEL 
Dr. |. Bernard Weinstein 


Chairman (1987~—Present) 


|. Bernard Weinstein, M.D.. ts Director, Comprehensive Cancer Center and 
Frade Jensen Professor of Medicine. Colurmima Unrverstty. He received bn MD 
degree from the University of Wirsecenem. Madmnon. Wroonen. m 1955: was a 
Clinical Associate at the National Cancer Inetitutc, Bethesda. Maryland: and a 
Research Associate at the Massachusctts Institute of Technology. Boston, Massa 
chusetts, prior to going to Columina University m 1961. Dr. Wemnstem is a world 
renowned cxpert un the molecular mechanisms of carcinogenesis. particularly om the 
area of tumor promotion and oncogene activation. He has authored over 370 pub 
ications, ts on the Editorial Board of 8 major publications, 1s a member of numecrows 
professional societies, and is on the advisory boards of a number of international 
and wmteragency commuttees 





JAPANESE ENVIRONMENTAL MUTAGENESIS AND CARCINOGENESIS PANEL 


Dr. Taijiro Matsushima 
Chairman (1986—Present) 


While he was working at the Panc! Chairman's Institute. Dr. Mateushima con 
tributed much to Panel activities by assrsteng the Chairman and organizing al! of 
the Jowmt Panel Conferences since the Sth meeting m 1975. He became a pane! 
member mm 1978 and served as the third panc! Chairman im 1986 

Dr. Mateushima graduated from Osaka University, Faculty of Science, where he 
trained in protem chemistry and enzymology. He worked on enzymology of cancer 
cells, chermcal carcemogenesis, metabolim of carcinogens, and environmental mu 
tagene sis 
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GUIDELINES 


ENVIRONMENTAL MUTAGENESIS AND CARCINOGENESIS PANELS 
United States-Japan Cooperative 
Medical Science Program 


There is expanding evidence that chronic human diseases, 
including cancer, can be caused by man-made and natural 
chemicals as well as other agents in the human environment. 
This program focuses on two aspects of such environmental 
disease; mutagenicity and carcinogenicity. Appio2~hes to the .e 
can be broadly divided into laboratory and epidemiologic stud- 
ies. For both, one goal is to apply and transfer knowledge to 
world populations, particularly in Asia, developing countries, 
and high-risk areas. 


A. Laboratory approaches to the detection, prediction, 
interpretation, ai? mechanisms of the mutagenic and 
carcinogenic properties of chemical and physical agents. 
1. Development, refinement, validation, and appli- 

cation of laboratory assay systems for assessing 

mutagenicity and carcinogenicity. 

Systemic collection and eyaluation of data base on 

mutagens and carcinogens. 

3. Studies of the relationships: 


Nw 


a. between mutagenicity and carcinogenicity 

b. in the toxic responses 0! various species, es- 
pecially microbial, rodent, and human 

c. between somatic and germ cell mutagenicity 

d. among types of genetic lesions, e.g., gene 
mutations and chromosomal aberrations 

e. between initiation and promotion in carcino- 
genesis 

f. between chemical structure and toxicity 

g. between pharmacokinetics/metabolism and 
toxicity 


4. Investigation of factors which modify mutagenic 


and carcinogenic activity, including dose-time ef- 
fects, repair processes, and multiagent interac- 
tions. 


Epidemiologic approaches to understanding and pre- 
venting environmental mutagenesis and carcinogenesis 
in human populations. 


Development, refinement, and validation of meth- 
ods to determine exposure, DNA dosimetry, and 
somatic and germ cell mutations’ early stages of 
Carcinogenesis in human populations. 

Application of human monitoring methods to de- 

termine baseline fie Squencies of mutation or other 
monitored endpoints and to monitor high-risk groups 
such as chemotherapy patien‘s. workers exposed 
to known or suspected mutagens and carcinogens, 
and individuals or families genetically predisposed 
to genetic damage and cancer. 

Promote interdisciplinary studies of human nvta- 
gens and carcinogens. 

Development of qualitative aid quantitative meth- 
ods for monitoring the workplace and the general 
environment (air, water, soil, food) for the pres- 
ence and levels of mutagenic or carcinogenic agents. 

Furthermore, epidemiologic methodology and ex- 
pansion of epidemiologic resources to measure mu- 
tagenicity and carcinogenicity by agents in the human 
environment. 

Combining of laboratory studies of agents, human 
hazards, and human exposure into a sound, sci- 
entifically based risk analysis for mutagenicity and 
carcinogenicity. 
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U.S. Environmental Mutagenesis and Carcinogenesis Panel 


PROGRESS IN PRIORITY AREAS 


During the past several years, the Joint Panel has focused 
on several newly emerging areas of research, reflecting the 
increasing influence that basic concepts and research technol- 
ogies in molecular biology are having on the fields of envi- 
ronmental mutagenesis and carcinogenesis. For example, research 
has focused on understanding me role that oncogenes play in 
the process of tumorigenesis at the molecular level in both 
experimental animal tumors and human tumors. Recent evi- 
dence suggests that a small family of normal cellular genes, 
called protooncogenes, can undergo mutation to form cancer- 
causing oncogenes. Characterization of oncogene activation in 
human and rodent tumor suggests that this is a common path- 
way for many types of chemically induced and spontaneously 
occurring tumors. Data were presented which indicate that the 
ras oncogenes (c-H-ras, c-K-ras, and N-ras) are often associ- 
ated with human carcinogenesis. Analysis from a variety of 
human solid tumors indicate that somatic mutational activation 
of the c-K-ras gene is associated with the development of a 
major fraction of human pancreatic, colorectal, and lung ad- 
enocarcinomas, while activation of the K-ras oncogene is in- 
frequent in other types of carcinomas (breast, kidney. and lung 
squamous cell carcinomas). Activation of this and other on- 
cogenes may occur either early or late during tumorigenesis 
where it contributes in a dominant manner to tumor initiation 
or progression, including the metastatic process. It is striking 
that the oncogene changes reported in specific types of human 
tumors in the Japanese population are similar to those reported 
in the same types of tumors in the American population. 

Considerable progress was also made by both Japanese and 
U.S. researchers in the area of food mutagens. Using in vitro 
mutagenicity testing, mutagens and mutagen precursors have 
been surveyed in a wide range of foods. A number of mutagen 
precursors, which are not mutagenic by themselves, but which 
become mutagenic following treatment with nitrite have been 
identified. Indole and indole derivatives and several azaimi- 
dazoheterocyclic amines became mutagenic in the Salmonella 
assay without metabolic activation upon nitrite treatment. Sev- 
eral of these mutagens evoked positive responses in an in vivo 
short-term assay for potential stomach carcinogens. U.S. re- 
searchers reported that during frying of ground beef, the low 
molecular weight components responsible for mutagen for- 
mation are transported to the surface of the meat where they 
react at high temperatures to form mutagens. If these water- 
soluble, low molecular weight components are removed by 
brief heating in a microwave oven, mutagens are not formed 
when the beef is subsequently fried. Studies on the relative 
potency of three of these mutagens (IQ, MelQ, PhiP) indicated 
that MelQ was the most potent mutagen tested in the Salmo- 
nella assay and that PhiP was the most abundant mutagen by 
mass in fried ground beef. Studies at NCI on carcinogenicity 
testing of IQ in monkeys found a ‘‘huge’’ hepatocellular car- 
cinoma in one high-dose monkey (20mg/kg-5 days/week-25 
months). This collaborative area of investigation promises to 
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provide knowledge that may allow for the prevention of cancer 
and genetic diseases in which diet is a contributing factor. 

Understanding the relationship between mutagenicity and 
Carcinogenicity remains a major goal of the Joint Panels. The 
picture has changed dramatically since the inception of this 
panel when it was widely believed that “‘all mutagens are 
carcinogens.”’ With the accumulation of results from short- 
term genetic toxicity tests and rodent carcinogenicity tests, it 
has become clear that many chemicals exhibiting genetic tox- 
icity in vitro are not rodent carcinogens and all rodent carcin- 
ogens are not in vitro and in vivo mutagens. During 1987, the 
U.S. National Toxicology Program (NTP) reported on a study 
evaluating the genetic toxicity of 73 chemicals for which recent 
NTP rodent bioassay results were available. Test results from 
four in vitro assay systems (Salmonella, mouse lymphoma, 
chromosome abberations, and sister chromatid exchanges in 
Chinese hamster ovary cells) were evaluated for their ability 
to predict carcinogenicity in the rodent bioassay. The major 
conclusions drawn from this study are that the results from the 
four in vitro assays did not show significant differences in 
concordance with the rodent carcinogenicity; i.c., each of the 
assays has a approximate 60% accuracy. Also, there was no 
evidence of complementarity among the four assays and no 
battery of tests constructed from these assays substantially im- 
proved on the overall performance of the Salmonella assay. A 
significant proportion of the carcinogens in this study were not 
mutagenic. 


SIGNIFICANT ACCOMPLISHMENTS 


Since the establishment of the Joint Panels in 1972, progress 
has been made in all areas of the Panel Guidelines. From the 
very onset, it was clear that one major thrust of this new Panels’ 
activities would be to encourage test method development and 
validation. Even in 1972, there were numerous methods pro- 
posed for use in mass-screening programs that were being 
designed to test environmental chemicals, but few had been 
appropriately validated. The Joint Panels played a leading role 
in developing, assessing. improving, and validating short-term 
tests to detect mutagenic activity, as well as assays to evaluate 
the effects of exposure of humans to mutagenic/carcinogenic 
agents. These tests are now widely used for detecting envi- 
ronmental mutagens and potential carcinogens. 

Several panel members also participated in the UNEP/iLO/ 
WHO International Programme on Chemical Safety collabo- 
rative study on the evaluation of mutagenicity test systems 
which were widely used as primary screening methods of po- 
tential carcinogenic compounds. 

A major development was the establishment of the Envi- 
ronmental Mutagenesis Test Development Program in the Na- 
tional Toxicology Program at NIEHS. This program started in 
1979 and was designed for (1) development of an integrated 
program for routine testing of large numbers cf chemicals for 
mutagenicity which included identification and development 
of new test systems, increased understanding of the mutage- 


























Nesis process, test system validation, and development of a 
Strategy for conducting large-scale testing and data evaluation 
and (2) implementation of a large-scale testing program capable 
of testing up to 1,000 chemicals per year in microbial muta- 
genicity assays. One factor that entered into the selection of 
chemicals for testing was acquisition of genetic toxicology data 
on chemcials also selected for chronic rodent toxicity studies. 
An analysis of this data base showed that not all mutagenic 
chemicals were carcinogenic, and that a significant proportion 
of the carcinogens were not mutagenic. 

In 1972, the same year that this Panel was established, the 
mutagenicity of AF-2, a major food preservative in Japan (used 
in such food as soybean curd and fish sausage) was found to 
be a potent mutagen. Public interest on the mutagenicity of 
environmental chemicals began to increase. Particularly puz- 
zling at that time was the fact that AF-2 was negative in the 
Salmonella assay but it was positive in tests with E. coli WP 
2. Resolution of this important problem, where nearly the entire 
population of Japan was exposed to this compound, was a focal 
point of Joint Panel activities during this period. The activity 
was culminated in a Joint Workshop that was held in Japan in 
1974. The meeting led to the development of new mechanisms 
in Japan for problem definition and resolution in the area of 
environmental health problems. The discussions that took place 
at this workshop on the mutagenicity of AF-2 in a wide variety 
of assay systems as well as its carcinogenicity in new rodent 
bioassays for cancer conducted in Japan, led to a total ban on 
the use of AF-2 in 1974. 

Another major problem area of interest to the Panel was the 
discovery in Japan and in the United States of the formation 
of mutagens in foods processed at high temperatures. The dis- 
covery that broiled or pan-fried hamburger contained muta- 
genic constitutents led to the development of major research 
programs in both countries to identify and characterize the 
mutagenic components. Because of the low levels of these 
mutagens, a major effort was required to obtain them in suf- 
ficient quantity for comprehensive mutagenicity and carcino- 
genicity tests. In the past few years, survey-type experiments 
using bacterial assays for mutagenicity have revealed the pres- 
ence of mutagenic chemicals in a wide range of foods and 
beverages. The potential carcinogenicity of some of these food 
mutagens has also been shown by bioassays in rodents. In 
some cases, these mutagens are associated with the way the 


foods are processed; in other cases, the mutagenicity results 
from chemicals accumulated by the plants themselves or as the 
result of fungal contamination and the accumulation of my- 
cotoxins. A number of workshops on this topic have been 
organized by the panel, and findings have triggered worldwide 
interest in this research area. Studies on the signficance and 
risk estimation of mutagens and carcinogens in food are con- 
tinuing. 

To evaluate the consequences of human exposure to envi- 
ronmental mutagens and carcinogens on both somatic cells and 
germ cells has also been a longstanding problem, and a major 
focal point of Joint Panel activities. Considerable progress has 
been in the development of new technologies and methodol- 
ogies, particularly at the molecular/cellular level, as is indi- 
cated in the following examples. 

Assays for the analysis of chromosome aberrations in pe- 
ripheral lymphocytes have been particularly useful and the 
same cells can be used to measure the frequencies of sister 
chromatid exchange. Genotoxic exposure can also be identified 
by measuring DNA (or hemoglobin) adduct levels in peripheral 
blood samples. Promising new assays to measure the induction 
of gene mutations in somatic cells continue to be developed, 
for example, the glycophorin assay on human erythrocytes, 
which measures the cumulative mutagenic burden of each in- 
dividual and may be a means to estimate the risk of expressing 
genetic damage. Chromosome-specific human gene libraries 
are being produced and distributed to the scientific community 
for the study and diagnosis of genetic disease. 

The findings that oncogenes are activated by carcinogen 
treatment and that this activation process is causally involved 
in tumor induction in both humans and rodents have greatly 
advanced our understanding of the molecular mechanisms of 
carcinogenesis, and will make the results from rodent carci- 
nogenesis studies more relevant to the assessment of human 
risk. Similarly, the findings that normal cells contain genes 
whose products normally suppress growth (tumor-suppressor 
genes), and that the loss of such genes results in autonomous 
growth, could have profound implications in terms of phar- 
macologic approaches to tumor prevention and treatment. The 
panel will continue to focus on the molecular mechanisms of 
mutagenesis and carcinogenesis, and expects to continue to 
address a wide range of interesting and challenging problems 
in the near future. 


PROJECTS SUPPORTED BY THE PROGRAM 


Investigator and Institution 


Title 


GRANTS 


Seymour Abrahamson 
University of Wisconsin 


Bruce Ames 
University of California 


Stephen E. Bloom 
Cornell University 


Mary K. Conner 
University of Pittsburgh 


Induced Mutation in Germinal Stem Cells 


Mutagenicity of Naturally Occurring Chemicals 


Embryos for Detecting Environmental Mutagens 


A Model for Persistence of SCE Lesion 
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Joseph B. Guttenplan 
New York University 


Leonard F. Bjeldanes 
University of California Berkeley 


John H. Burki 
University of California 


John E. Casida 
University of California Berkeley 


Steven M. D’ Ambrosio 
Ohio State University 


Steven M. D’ Ambrosio 
Ohio State University 


Nahum J. Duker 
Temple University 


Eric Eisenstadt 
Harvard University 


Eric Eisenstadt 
Harvard University 


Michael S. Esposito 
University of California Berkeley 


Darrel P. Falk 
Syracuse University 


Mary E. Gaulden 
University of Texas Dallas 


James M. Gentile 
Hope College 


Paul R. Gladstone 
Genetic Systems Corporation 


Avram Gold 
University of North Carolina 


Arthur Grollman 
State University of New York 


Howard G. Gratzner 
University of Miami 


Lawrence Grossman 
Johns Hopkins University 


Philip E. Hartman 
Johns Hopkins University 


Ronald G. Harvey 
University of Chicago 


Paul Howard 
Case Western Reserve University 
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Mechanisms of Carcinogenesis and Mutagenesis 
Mutagens, Carcinogens Produced by Fusarium Moniliforme 
Alkylating Carcinogen Mutagenesis in Mammalian Cells 
Mutagenic Pesticide Metabolites, Photoproducts, and 
Impurities 
DNA Damage Following Exposure to Genotoxins 
Genotoxicity in Human Fetal Brain, Dermis, and Kidney 
Cells 
Molecular Basis for Inhibition of DNA Repair Initiation 
Mutagenic Specificity of Environmental Carcinogens 
Mutagenicity and Metabolism of Cyclopenta (C,D) Pyrene 
Genetic Effects of Carcinogens in Mitosis and Meiosis 
Environmental Chemicals and Chromosome Breakage 
Grasshopper Neuroblast Mutagen Test System 
In Vitro Activation of Promutagens by Green Plants 
Rapid Methods to Monitor Genetic Damage in Humans 
Activation of Polycyclic Environmental Mutagens 
Molecular Toxicology of DNA Adducts 
In Vitro and In Vivo Mutagenesis Testing by Flow 


Cytometry 
Human DNA Repair Genes 
DNA Repair Enzymes in Cells Mutating Antibody Genes 
Detection of Environmental Mutagens and Antimutagens 


Oligonucleotide Adducts of Carcinogenic Hydrocarbons 


Metabolism and DNA Adducts of Carcinogenic Nitrocarbons 




















Philip M. lannaccone 
Northwestern University 


Timothy Jorgensen 
Johns Hopkins University 


Michael Karin 
University of Southern California 


Subodh Kumar 
SUNY—College at Buffalo 


Karl G. Lark 
University of Utah 


James M. Lavelle 
University of Connecticut 


Edmond J. LaVoie 
Naylor Dana Institute 


William R. Lee 
Louisiana State University 


William R. Lee 
Louisiana State University 


William R. Lee 
Louisiana State University 


John H. Peters 
SRI International 


Michael J. Plewa 
University of Illinois 


Louise Prakash 
University of Rochester 


Michael S. Risley 
Fordham University 


Michael S. Risley 
Cornell University 


Herbert S. Rosenkranz 
Case Western Reserve University 


Herbert S. Rosenkranz 
Case Western Reserve University 


Howard G. Shertzer 
University of Cincinnati 


Russell O. Sinnhuber 
Oregon State University Corvallis 


Michael J. Smerdon 
Washington State University 


Dennis P. Smith 
Southern Methodist University 


Reproductive Toxicology of Environmental Mutagens 


Radiation-Induced DNA Damage and Repair at Low Doses 


Interactions of Heavy Metal lons with the Human Genome 


Mutagenicity Studies with Dibenz (A.H) Acridine Derivative 


Use of Plant Cell Culture to Study Genetic Variation 


Interactions between Metals and Non-Metal Mutagens 


Quinolines: Environmental Mutagens and Carcinogens 


Genetic Effect of Alkylation in Repair Deficient Oocytes 


Mechanisms of Mutagenesis for Environmental Mutagens 


Quantitative Genetic Study of Environmental Mutagens 


Food-Derived Promutagens/Procarcinogens 


Maize Monitor for Environmental Genotoxins 


Alkylating Agents: DNA Damage, Repair, and Mutagenesis 


In Vitro Analysis of Genotoxicity on Spermatogenesis 


In Vitro Spermatogenic Cell Genotoxicity Tests 


Nitroarenes: Mutagenicity and DNA Adducts 


Studies on a Class of Ubiquitous Environmental Mutagens 


Protection from Environmental Toxins/Mutagens by Indoles 


Metabolism and Carcinogenicity of Aflatoxins 


Carcinogen Damage and Repair of DNA in Human 


Chromatin 


Environmental Mutagenesis and DNA Repair 











Leland L. Smith 
University of Texas Medical Branch 


Frederik H. Sobels 
University of Leiden 


Thomas D. Stamato 
Wistar Institute 


Thomas D. Stamato 
Wistar Institute 


Reggie H. Stevens 
University of lowa 


Eric Moon-Shong Tang 
University of Texas System Cancer 


Milton Taylor 
Indiana University 


Robert T. Taylor 


Lawrence Livermore National Laboratory 


Charles C. Tong 
American Health Foundation 


David Trkula 
Baylor College of Medicine 


Guylyn R. Warren 
Montana State University 


John D. Wilson 
Virginia Commonwealth University 


Gerald N. Wogan 
Massachusetts Institute of Technology 


Gerald M. Wogan 
Massachusetts Institute of Technology 


Ronald Yasbin 
University of Rochester 


Environmentally Induced Mutagenicity 


Mutation Induction by Genotoxic Agents 


Isolating Carcinogen Sensitive Mammalian Cell Mutants 


Mutagen Induction of Sectored Colonies in CHO Cells 


Radiation-Equivalency of Mutagens/Carcinogens 


Repair of DNA Damaged by Model Environmental 


Chemicals Center 


Short-term Mutagenicity Testing with Human and Murine 


Cells 


Metal Methylation and Mutagenesis 


Comparative Genetic Effects of Environmental Chemicals 


The Role of Herpesvirus Thymidine Kinase in Mutagenesis 


Interaction of Pollutants: Effects on Genetic Toxicity 


Modeling Cellular Response to Genotoxic Agents 


Genetic Toxicology Testing 


Mutagenic Activity of Nitrosamines 


Excision Repair in Bacillus Subtilis 
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BROAD GOALS 


Toxusc chemicals present im our everyday environment can 
cause diverse effects on human health The major health effects 
of concern to the panel are cancer and herntable genetic dis- 
cases. Prevention of the diverse health problems caused by 
environmental toc chemicals. environmental mutagens and 
carcinogens requires thew rapid detechon and limitation of 
human exposure. The research activites of the panc! have been 
cared out according to the guidelines that were revised im 
198S. These are 1) development. refinement and validation of 
new methodologies for assessing mutagenic and carcinogenic 
chemicals, 2) detection of mutagens, carcinogens. tumor-pro- 
moters and modifiers of mutagenesis and Carcinogenesis mm our 
daily environment using both in vitro and in vive assay systems. 
3) analysis of biological effects and the mechaminsms of en- 
vironmental mutagens and carcinogens. and 4) development 
of approaches for human population monitorng 


PROGRESS IN PRIORITY AREAS 


A. Development of the short-term assay 
systems for the environmental mutagens and 
carcinogens 


Several new in vitro and in vive short-term assays were 
developed for detecting environmental mutagens and possible 
carcmogens. An in vive short-term assay for possible stomach 
carcimogens was developed by measuring the induction of un- 
scheduled DNA synthesis and DNA strand scission as a marker 
of tumor-initiating activity and the induction of rephcatrive DNA 
synthesis (cell proliferation) and ornithine decarforylase as a 
marker of tumor-promoting activity on the stomach mucosa, 
which was exposed in vive with a test compound administered 
by stomach tube. Using this assay several possible complete 
stomach carcinogens and potential stomach tumor promoters 
were identified. 

A novel and simple Rec-assay in Drosophila was developed 
using the DNA-repair deficient male fly which has a double 
mutation of DNA-repair capacity on X-hromosome and DNA- 
repair proficient female fly which has an attached X-chro- 
mosome having normal DNA repair capacity. All male prog- 
emes from this parent have an X-chromosome from the father 
and are DNA-repair deficient and all female progenies have 
an attached X-chromosome having normal DNA-repair capac- 
ity. Larvae are trested with the test compound and hatched 
male and female flies are counted. If the survival rate of males 
was lower than that of females. the test compound 1s considered 
a DNA-damaging agent. 

An in vivo short-term assay for potential liver carcinogens 
was developed by studying the induction of prenecoplastic foci 


s and 


m the lwer that were detected by wemmuncchennucal taming 
using antibody against the placenta-type glutathtone S-trans- 
ferease. Male F344 rats were milly given an mtrapertoncal 
wyechan of dhethy initrosarmac follow cd hy partial hepatectomy 
at the Sed week. The test compound wa: admunmticred by dict 
from the 2nd week to the Sth week. There were good corre- 
lahoms between induchon of prencoplastx fact om the liver and 
liver Carcmogens 

New Salmoncila test strams haveng high scmutivity to the 
mitroarcncs and arylamunes were developed by the rocomih- 
nation DNA technology Genes for artroreductase and acetyt- 
transicrase. which are key enzymes for metabole activation 
of nstroarenes and arylamunes. respectively. were wolated from 
Salmoncila DNA by DNA cloning. These genes were scpe- 
rately moorporated into plasmids and tramsducted to Salmonctla 
test strains, TAGS and TAIOO. These new test strains having 
higher enzymats activity of nitroreductase or acety transicrase 
are useful mm monitonng cavironmental pollution 


B. Detection of mutagens, carcinogens and 
tumor-promoters in our daily environment 


Many different classes of chermcal compounds are present 
m the everyday environment and humans are cxposed to these 
multiple carcinogens Carcinogen risk of low-dose exposure 
to multiple known carcinogens was studied. Forty different 
carcinogens, whose TDSO valucs were reported. were given 
orally into F344 male rats for 102 weeks by mixing them in 
the dict at the level of 150 of cach TDSO value. The incidence 
of liver tumors (hyperplastic nodule and hepatic cell tumor) 
was higher in the expermmental group than that of control group 
The meidence of lung tumors and folicular thyrond tumors were 
also higher than those of control group. Carcimogens having 
similar target-organ specificity induced tumors additively even 
at the low -exposure level of small amounts of cach carcimogen 

Carcinogemicity of phenolic natural anti-oxdants. caffer 
acid, and sesamo!, was studied duc to the fact that anti-oxdant 
BHA had induced stomach tumors om rats. These anti-oxidants 
in powdered dict at a 2% level were givea to F344 male rats 
for 60 weeks All rats m the experimental groups developed 
hyperplasia and papilloma im stomach Continuous feeding of 
caffexe acid and sesatnol induced squamous cell carcinomas im 
stomach of rats as did BHA. Hyperplasia. which was produced 
in stomach by feeding of caffer acid for 24 weeks. disappeared 
after feeding of a basal dict for 24 more weeks. These pre- 
neoplastic changes in the stomach were reversible Continuous 
feeding of 0.8% catechol induced adenocarcinomas in the glan- 
dular stomach These anti-cnudants lack mutagemcrty and DNA- 
damaging activity but induce continuous strong cell proliter- 
ation which is essential to tumor development by such non- 
genotow carcmogens. 








C. Modifiers of mutagenesis and carcinogencsis 


An cpdermological survey of human cancer showed the 
muluple factors wm the dict play a role as modifiers of tumor 
mduchon A high-fat doct stumulated. cxpenmentalls the - 
duction of mammary and colo-rectal tumor. 4-Natragumolinc 
l-onsde was given subcutancous!y unto the hack of 6 week old 
male ICR mice and the mice were given a plain basal dict oF 
a basal dict contaming 20% com oil Inodence of lung tumors 
and sumbers of lung tumors per mouse im the corn-oil chet 
group was higher than those of the basal diet contro! group 
A tugh-fat diet enchanced tumor induction in the lung as wcll 
as im the mammary gland. colon rectum. and pancreas 

Staurosponne rs an aliabond nolated trom Srreptomnces yp 
and has a strong mbubitory cffect on protem kinase C and also 
inbatwts HL SO cell adhesson Staurosponme suppressed tumor 
Promotion by teloacsdine im the two-stage shun carcimogenesis 
mitiated by DMBA This compound was an anty-tumor pro- 
moter of the skin carcinogenesis 

(-)-Epigallocatechin gallate was isolated from green tealeat 
and showed anti-tumor promoter activity This compound sup- 
pressed tumor imcidence im the two-stage shin carcinogenesis 
of mice initiated by dimethy Ibenzanthracene and promoted by 
teleocidin This compound also inhibited protein kinase C ac- 
tivity ard weakly imbubsted binding of H-TPA with its receptor 

Sodium chlonde 1s a tumor promoter of stomach carcimo- 
genesis and induces cell proliferabon of stomach mucosa. namely . 
mduces replicative DNA synthesis mm stomach mucosa 

Co-administration of CaCl at 50-200 mgkg body weight 
with NaC) or administration of CaCl | hour before NaC) ad- 
munistration suppressed induction of rephcative DNA synthe- 
sts, namely. cell prolifieration induced by NaC]. stomach tumor 
promoter Ca son rs the possible anti-tumor promoter of stom- 
ach carcinogenesis: 


D. Monitoring of humen exposure 


absorbs specifically polycyclic compounds. and the absorbed 
polycyche mutagens are eluted with methanol-ammonia and 
detected by the bactenal mutation test Bluc-rayon was used 
to Monitor mutagens im river water by soaking it in the river 
stream for more than 24 hours Blue-rayon 1s useful for study 
of mutagens present on drinking w ater and monitor of 

mM aquatic environment Bluc-rayon 1s also useful for rsolation 
of polycyche mutagens from crude sample of analysis of mu- 


mutagens 
and carcinogens. i is important to detect DNA-adducts for- 
mation qualitatively and quantitatively in different organs The 
P-Post labeling method was one of suitable assays for this 
Purpose and was applied to detecting DN A-adducts im the liver 
of rats which were given heterocyclic amines, potent food 


mutagens 
labeling method was also apphed to detect DN A-adducts 


of Mitomycin C im the liver and peripheral leukocytes of a 
patient who was treated with this drug before an operation 


SIGNIFICANT ACCOMPLISHMENTS 


Development of short-term in vivo assay for 
possible stomach carcinogens 


Many w vitro short-term assays arc developed and wndcly 
used for «Teeneng cmv irommental mutagen. and powsibic gcn- 
otous carcmogems However. 3 goad mt vee short-term assay 
& rogucsied to dc velop and estahinh for the cvaluahon of vrve 
ological cilects of on vatre mutagen. and posible gcnotouK 
carcmogems. that are detected by mm vere short-term assay 
Therefore. an on vive short-term assay was cstabinshed for de- 
tecting possible stomach carcinogen because sMomach cancer 
& 2 tug problem not only m Japan but also m the workd 

Test compound rs admunmtered into rat by Momach tube and 
after several incubation peruals stomach mucma nm removed 
and marker of turnor-istiating and -promoting activities are 
studied on stomach mucosa For the marker of stomach tumor- 
imitating activity. mductoms of umcheduled DNA syathess 
and DNA strand scission are studied is witro For the marker 
of stomach tumor-promoting activity inductions of rephcative 
DNA synthesss (RDS. cell proliferanon) and ornithune decar- 
boxylase (ODC) are studied vitro. One test requires 2-3 
days and the whole study © compicted within | month If test 
compound shows the mduction of both markers of tumor-im- 
hating and -promotung activity. the compound should be pos- 
sibly genotoxic complete stomach carcinogen. and if test 
compound induces RDS and ODC. test compound should be 
possitic stomach tumor-promoter There 1» a good correlation 
between the induction of these markers un the stomach mucosa 
and known stomach carcinogens and stomach tumor-promot- 
ers 

By this short-term assay. givoxal, methy! givoxal. diace- 
tyl. | -matrosoundole-3-acetnitnic.  +-diazo- N-nitrosohamethan. 
and Iuckory smoke condensates were predicted as possible 
complete stomach carcinogens and several sodium and potas. 
sum salts. secondary bile acids. formaldehyde. catechol. and 
4-methyicatechol are predicted as possible stomach tumor-pro- 
moters 


Detecting new tumor promoters in the 
environment 


New TPA-type tumor promoers on mouse skin which are 
Mructually different from TPA. | )4)}4etradecanoy!-phorhol- |} 
acetate. were detected by short-term screening system This 
<Teeming system comsists of three successive tests. inmtation 
on mouse car, induction of ornithine decarboxylase (ODC) mn 
mouse skin. and HL-60 cell adehesion Teleocidins and lyng- 
byatoxims were twolated from culture medium of fungi and 
seaweeds. respectively. and have indole structure Aplysiaton- 
ms were also isolated from seaweeds and have different chem- 
ical structure from those of TPA and tcleocidins. All these 
TPA-type tumor promoters have a similar tumor-promoting 
activity as TPA. and bound to the same receptor as that of 
TPA 

Palytoum was non-TPA type of tumor promoter of mouse 
skin. This is a water soluble toxin isolated from a marine 
cuclenterate Palytoxm gave strong mtation reaction on mouse 
car but did not induce ODC or HL-60 cell adhesion. tk showed 
tuMor-promoting activity im a two-stage mowse shim carcimo- 
genesis test It did not bend to TPA receptor and did not activate 
protem kinase C 














Another non-TPA type of tumor promoter of mouse skin is 
Okadaic acid. Okadaic acid was isolated from a black sponge 
and did not bind with phorbol receptor on cell membrane and 
did not activate protein kinase C. This compound induced 
irritation of mouse ear, ODC in mouse skin, and strong tumor- 
promoting activity in a two-stage mouse skin Carcinogenesis 
test. Okadaic acid bound to serine/threonine protein phospha- 
tase and specifically inhibited phosphatase activity resulting in 
the apparent increase of phosphoproteins. Therefore, non-TPA 
type tumor promoters act individually through different mech- 
anisms. 

TPA type and non-TPA type tumor promoters act through 
different mechanisms, but both induce several common bio- 
logical activi.ies such as irritation on mouse ear and formation 
of superoxide anion radical. What is a common effect of tumor- 
promoter «end involving tumor-promotion process should be 
elucidated. 


Pyrolysis mutagens and carcinogens in 
cooked food 


Discovery of the formation of mutagens by cooking food 
presented a unique and novel concept. Smoke condensates from 
broiled fish and also, charred portions of broiled fish and beef 
showed mutagenicity in Salmonella typhimurium TA98 with 
metabolic activation. Proteins, starch, DNA, RNA, and fat 
were pyrolysed and resulting tars were studied for mutagenicity 
in S. typhimurium TA98 and TA100 with and without meta- 
bolic activation. Protein pyrolysates showed the highest mu- 
tagenicity on both S. typhimurium TA98 and TA100 with 
metabolic activation. Starch pyrolysates showed mutagenicity 
only on S. typhimurium TA100 without metabolic activation. 
This indicates that at least two different classes of mutagens 
are produced by heating food constituents; namely, indirect 
mutagens requiring metabolic activation and direct mutagens 
not requiring metabolic activation. Therefore, a study of mu- 
tagenicity involving pyrolysates of individual amino acids was 
initiated. Tryptophan pyrolysates produced the highest muta- 
genicity on S. typhimurium TA98 with metabolic activation, 
followed by serine, glutamic acid, creatinine, creatine, orni- 
thine, and lysine. Mutagens were isolated from the pyrolysis 
products of 1.0 kg tryptophan at by acid-alkaline partition and 
several column chromatographies combined with the Salmo- 
nella mutagenicity assay. Finally, two mutagens, Trp-P-1 (3- 
amino-1, 4-dimethyl-SH-pyrido[4,3-bjindole) and Trp-2 (3- 
amino- | -methy!l-SH-pyrido(4 ,3-b]indole) were isolated in crys- 
talline form. Their chemical structures were elucidated by the 
mass-spectrography, NMR, and X-ray crystallography. Their 
chemical structures were verified by chemical synthesis and a 
large-scale chemical synthesis of Trp-P-1 and Trp-P-2 was 
initiated. Then, carcinogenicities of these two mutagens were 
determined by animal carcinogenicity tests in mice and rats. 
Both mutagens produced liver cancer in mice and rats. A series 
of heterocyclic amine mutagens were isolated quickly from 
pyrolysates of glutamic acid, lysine, and ornithine and their 
chemical structures were also elucidated. Glu-P-1 (2-amino-6- 
methyldipyrido| | .2-alpha,3’,2°-djimidazole) and Glu-P-2 (2 
aminodipyrido| | ,2-alpha,3°2°-d]imidazole) produced liver and 
blood vessel tumors in mice and tumors of the liver, intestines, 


Zymbal gland, and clitoral gland (female) in rats. Two other 
mutagens were isolated from pyrolysates of soybean globulin. 

Another new type of mutagen, amino-imidazoazaarenes, was 
isolated from charred dried sardines and beef. IQ (2-amino-3- 
methylimidazo[4,5-f}quinoline and MelQ (2-amino-3 ,4-di- 
methylimidazo|4 ,5-f] quinoline were isolated from broiled sar- 
dine, and IQ and MelQx (3-amino-3,8-dimethylimidazo|4_,5- 
f}quinozaline) from broiled beef patty. IQ produced tumors in 
the liver, stomach, and lungs of mice, and tumors in the liver, 
intestines, Zymbal gland, clitoral gland (female), and skin of 
rats. MelQ produced liver and stomach tumors in mice and 
tumors of the Zymbal gland, oral cavity, colon, skin, and 
mammary gland (female) in rats. J]Q, MelQ and another two 
new mutagens 7 ,8-DiMelQx and 4,8-DiMelQx were produced 
from the mixture of creatinine, amino acids, and saccharides 
by heating at 135°C in diethyleneglycol-H20. This indicates 
that creatinine (or creatine), amino acids, and sugars present 
in fish and meat are precursors of mutagenic amino-imidazoa- 
zaarenes. 

U.S. scientists started a study of mutagen formation in broiled 
beei patty. They identified the formation of 1Q, MelQx, and 
4,8-DiMelQx, and isolated new mutagens PhIP, trimethyl- 
aminoimidazol-pyridine, and two dimethyl-aminoimidazole- 
pyridines. 

Each year at the Joint Panels Conference recent data from 
this study were exchanged between the two countries and work- 
shops on this topic were held at Livermore, California, on 
November 6, 1981, and at Honolulu, Hawaii, on December 
19, 1984. The exchange of the information stimulated the fur- 
ther progress of this study in both the United States and Japan. 

This new field of study was initiated in Japan and developed 
independently in both countries, but major progress was achieved 
through cooperative information and resources exchange under 
the U/.S.-Japan Cooperative Medical Science Program. 


FUTURE GOALS 


For screening genotoxic possible carcinogens, in vitro short- 
term assay is established, but for screening non-genotoxic pos- 
sible carcinogens in vitro short-term assay is limited and need 
to be developed. /n vivo short-term assay is required for eval- 
uation of the biological effects of both possible genotoxic and 
non-genotoxic carcinogens that are detected by in vitro short- 
term assay. /n vivo short-term assays for genotoxic and non- 
genotoxic carcinogens of liver and stomach are developed but 
those assays for other organ-specific carcinogens need to be 
developed. 

Evaluation of relationship between mutagenesis and carci- 
nogenesis and elucidation of the mechanisms of action by en- 
vironmental mutagens and carcinogens are still important 
problems, and these projects should be studied further. The 
studies of oncogene activation and suppressors of oncogenes 
are progressing. Risk assessments of cancer and inheritable 
genetic disorder by environmental mutagens and carcinogens 
are continuous projects to study. Studies on human exposure 
size to environmental mutagens and carcinogens and devel- 
opment of estimation methodologies on ill-health effects to 
humans by environmental toxic chemicals are needed for risk 
assessment. 








PROJECTS SUPPORTED BY THE PROGRAM 


1. Development and refinement of the bacterial short- 
term assays, and their application for screening of environ- 
mental mutagens. 

2. Development and refinement of the in vitro short-term 
assays using mammalian cultured cells, and their application 
for screening of environmental mutagens. 

3. Development and refinement of the in vivo short-term 
assays for screening of environmental mutagens and carcino- 
gens and their application. 

4. Development and refinement of the short-term assays 
for tumor promoters, and their application. 

5. Studies on the carcinogenicity of environmental chem- 
icals. 


6. Metabolism and detoxication mechanism of environ- 
mental mu agens. 

7. Development and refinement of monitoring systems of 
mutagens in our environment and their application. 

8. Activation of oncogenes by environmental mutagens 
and carcinogens. 

9. Development and refinement of human monitoring 
systems on the population exposed to environmental mutagens 
and carcinogens, and their application. 

10. Development and refinement of epidemiological study 
system on the population exposed to environmental mutagens 
and carcinogens, and their application. 
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Joint Scientific Conferences 


ENVIRONMENTAL MUTAGENESIS AND CARCINOGENESIS PANELS 


Date: January 8-10, 1985 
Place: Shimoda, Japan 


Summary: The 12th Joint Conference, dealing with **Muta- 
genesis and Carcinogenesis by Nitropyrenes and Cancer Che- 
motherapeutics”’ was attended by 25 Japanese and 8 U_S. 
scientists. Sixteen papers were presented in sessions on: |) 
mutageni,city of nitropyrenes, 2) carcinogenicity of nitropyr- 
enes, 3) secondary cancer in chemotherapy patients, and 4) 
genetic toxicology studies in cancer chemotherapy. 


Date: October 21- ~*. 1985 


Place: Research ‘~~ le Park, North Carolina 


Summary: The 13th Joint Conference on the * ‘Development 
and Utilization of in vivo Short-Term Tests for 
and Carcinogenicity’’ was attended by 5 Japanese and 21 U.S. 


scientists. Eighteen papers were presented in sessions on: |) 
in vivo genetic tests, 2) activation of oncogenes, 3) cancer 


epidemiology. and 4) food mutagen research. 


Date: May 27-29, 1986 
Place: Nikko, Japan 


Summary: The 14th Joint Conference on “Short-Term Test 
Method Development and Deployment’’ was attended by 23 
Japanese and 8 U.S. scientists. Sixteen papers were presented 
in sessions on 1) new approaches for utilization of short-term 
tests, 2) DNA adduct formation, 3) food mutagens, and 4) 
application of short-term tests to human tissues. 


Date: April 14-16, 1987 
Place: Livermore, California 
Summary: The 15th Joint Conference on *‘Human Population 


Monitoring” was attended by 5 Japanese and 17 U.S. scien- 
tists. The major emphasis of the Conference was on new meth- 


odologies and technologies for detecting genetic effects in 


humans. Eighteen papers were presented im sessions on: 1) 
human genome assays, 2) specific locus assays. 3) cytogenetic 
assays, and 4) correlation of in vitro and in vivo assays 


Date: July 24-26, 1988 
Place: Yokohama, Japan 


Summary: The \6th Joint Conference on “‘Molecular Ap- 
proaches to Environmental Mutagenesis and Carcinogenesis” 
was attended by |/ Japanese and 10 U.S. scientists. The Con- 
ference was organized to exchange information on several newly 
emerging areas of research in carcinogenesis and mutagenesis 
with emphasis on molecular mechanisms. Seventeen papers 
were presented in sessions on |) oncogene activation, 2) tumor 
suppressor genes, 3) tumor promotion, and 4) molecular epi- 
demiology. 


Date: February 5-7, 1990 
Place: Kailua-Kona, Hawaii 


Summary: The 18th Joint Conference on *‘Non-Genotoxic 
Carcinogens” was attended by 6 Japanese and 12 U.S. sci- 
entists. This Conference focused on non-genotoxic mecha- 
nisms involved in the induction of carcinogenesis by various 
Classes of environmental chemicals. Eighteen papers were pre- 
sented in sessions on: |) epidemiologic data, 2) model systems 
organ sites, and 3) basic mechanisms. 


Date: July 16-17, 1990 
Place: Tokyo, Japan 


Summary: The 19th Joint Conference will be on “Advances 
in Molecular Mechanisms of Carcinogenesis and Mutagene- 
sis." In honor of the 25th anniversary of the U S.Japan Co- 
operative Medical Sciences Program, past and new Panel 
members will discuss the influence that concepts and methods 
in the field of molecular biology are having in the field of 
environmental mutagenesis and carcinogenesis. 


93 











Dr. Saul Krueman. Chairman (1979 Member 1979 j Dr. Kusuva Nishioka, Chairman (/988- Member 1979 } 


Professor Vice-Director, The Japanese Red Cross 
Department of Pediatrics 4-1-3! Hiroo, Shibuva-tu 
Vew York University Medical Center Tokyo 150, Japan 


\ LLL f Me dic ime 
soy) ; rst Avenm 


New York New York bite 


PANEL MEMBERS 


lmited States Japan 

Dr. Thomas C. Merigan (1979 Dr. Tyoku Matsuhashi (1979 

Professor Director, Okimaka Memorial Institute of Medical Research 
Department of Medicin c/o Toranomon Hospital 

Stanford University 2-2-2, Toranomon, Minato-ku 

Medical Schoo! Tokyo 105 Japan 


Stanford. California 94 WS 
Dr Makoto Mavurm (1/988 


Dr. Robert H. Purcell (1979 Professor 

Head. Hepatitis Virus Section immunology Division 

Laboratory of Infectious Diseases Jichi Medical School 

National Institute of Allergy and Infectious Diseases 3311-1, Yakushiy:s Minami-Kawachi-machi 
National Institutes of Health Kawachi-gun 

Building 7. Room ¥! Tothigi 329-04, Japan 


Bethesda. Maryland 2089) 
Dr. Yasuo Moritsugu (1987 


Dr. Allan G. Redeker (1979 Chief, Laboratory of Hepatitis Viruses 
Professor of Medicine Department of Enteroviruses 

University of Southern California Liver Unit National Institute of Health. Murayama Annex 
Rancho Los Amigos 4-7-1, Gakkuen, Musashi-Mu,ayama-sh: 

7601 East Imperial! Highway Tokyo 190-12, Japan 


1100 Buriding. Room $3 
Downy. Califorma 924? 








Head. Laboratory of Epidemiology 
The New York Blood Center 

310 East 67th Street 

New York, New York 1002! 


Dr. Kazuo Ohkoch: (1979-— } 
Professor 

Department of Central Laboratory 
Faculty of Medicine 

Kyushu University 

3-1-1, Made, Higashi-ku 
Fukuoka 812. Japan 


Dr. Toshio Shikata (1979- ) 
Professor. Department of Pathology 
Nihon University School of Mledicune 
¥)-1. Oyaguchi-Kamunachi. Itabashi-ku 


Tokyo 173, Japan 


Dr. Hiroshi Suzuki (1988-— ) 

Vice President 

Director of the Hospital, Yamanashi Medical College 
1100, Shimo-katoh. Tamacho-cho 

Nakakoma-gun. 

Yamanashi, 409-38. Japan 


Former Member; 
Dr. Furmihiro Ichida ( 1986— 1987) 


Professor 

Department of Medicine 

Nugata University 

787 ichibancho 

Asahimachi-don, Nugata 951. Japan 


Dr. Toshitsugu Oda. 

Chairman (1979-1989. Member -~ 1989) 
Director 

National Medical Center 

1-21-1 Toyama, Shinjuku-ku 

Tokyo 162, Japan 





U.S. HEPATITIS PANEL 





JAPANESE HEPATITIS PANEL 





Profiles 


Dr. Saul Krugman 
Chairman (1979—Present) 


A graduate of the Medical College of Virginia in 1939, Dr. Krugman trained in 
pediatrics at the Bellevue Hospital, New York, and for a number of years received 
research training at that institution under an NIH Fellowship. In 1960, he was 
appointed to the Chair of Pediatncs at New York University and directed the 
pediatric service at Bellevue Hospital 

Dr. Krugman ts one of the country’s distinguished research pediatncians. Without 
question, he is one of our nation’s foremost authorities i the field of hepatitis. His 
contributions to this important problem are legion. The ').S.-Japan Cooperative 
Medical Science Program and particularly the Panels on Hepatitis have profited 
nchly from his wise and exemplary advice. He has been one of the most faithful 
contributing members of the Program and, in spite of his very active and pressing 
schedule of responsibilities, he has found time to participate and contribute. Always, 
his comments are direct, concise and much to the pot. If the information desired 
is unavailable, he takes or suggests the important steps needed to answer the 
question. Scholarly traits and gracious expression are of second nature to him. Like 
so many others, the U.S.-Japan Program ts in his debt 


Dr. Kusuya Nishioka 
Chairman (1988—Present) 


Following his graduation from the Faculty of Medicine, University of Tokyo in 
1947, Dr. Nishioka joined the Institute for Infectious Diseases, University of Tokyo, 
where he has been engaged in research in the fields of immunology and virology 
for the past 42 years 

His achievements in the ficld of immunology have included the discovery of 
complement components; C3, CS, and C9, and the development of highly sensitive 
immune adherence hemagglutination tests for detecting antigens and antibodies 

His work, in collaboration with Dr. Okochi and Professor Mayumi, in which a 
highly sensitive method for detecting hepatitis B surface antigen was set up based 
on the hemagglutination technique, has resulted in elucidation of the relationship 
between persistent hepatitis B virus infection and hepatocellular carcinoma 

In 1965, Dr. Nishioka was appointed Chief of the Virology Division of the 
National Cancer Center. In 1972, he was made Professor of Immunology at the 
Institute of Medical Science, University of Tokyo. In 1975, he became Vice Pres- 
ident of Tokyo Metropolitan Institute of Medical Science and in 1985, Senior 
Advisor at the Research Center for Liver Diseases, Kitasato Institute. In 1987, he 
became Vice Director of the Japanese Red Cross Central Blood Center 

During this time, he served as a Member of the WHO Expert Panel in Immunology 
and Virology and also as Director of the WHO. Collaborating Center for Reference 
and Research on Viral Hepatitis 

Dr. Nishioka has received the title of Honorary Professor of Peking Medical 
University, PRC, and has greatly promoted international research in the field of 
viral hepatitis 

He was nominated as Chairman of the Hepatitis Panel for the U.S.-Japan Co- 
operative Medical Science Program in 1988, succeeding Dr. Oda. For his achieve 
ments in complement and viral hepatitis research he was awarded the Japanese 
Society of Microbiology Award in 1968, the Asahi Prize in 1979, and the Kojima 
Memorial Award in Infectious Diseases in 1986 














Dr. Toshitsugu Oda 
Chairman (1979-1988) 


For the past 45 years since he graduated from the Faculty of Medicine, University 
of Tokyo, Dr. Oda has been engaged in research on liver discases 

His research in the field of enzymology and virology was initially carned out n 
the Department of Internal Medicine. Universi:y of Tokyo Hospital where he worked 
until 1982. During his academic life he was nominated as Chairman and Professor 
of the Department of Internal Medicine (1974) and Dean of Faculty of Medicine 
(1979). Later he was promoted to Director of the National Medical Center, Japan. 
and received the title of Professor Ementus at the University of Tokyo 

At present Dr. Oda 1s Chairman of the Board for the Japan Society of Hepatology 
and also Director of the Board for the Japanese Society of Gastroenterology 

When the Hepatitis Panels of the U.S.-Japan Cooperative Medical Science Pro- 
gram were formed, Dr. Oda served as Chairman of the Japanese pane! and held 
this position for 10 years. His input and enthusiasm assured the success of the 
panel, and he 1s now dedicated and respected member of the delegation. He estab- 
lished a nationwide cooperative program on the prevention and treatment of viral 
hepatitis, drawing attention to viral hepatitis B and as a result there has been immense 
contnbution to research im this area 

For his achievements im the field of hepatology research, especially the devel- 
opment of the hepatitis B vaccine, he was awarded the Asahi Prize in 1979 and 
also was awarded the Purple Ribbon Medal in 1986 by the Japanese Government 








GUIDELINES 


HEPATITIS PANELS 


United States-Japan Cooperative 
Medical Science Program 


Viral hepatitis ts a serous health problem m many areas of 
the world including Japan. the United States. and Asia. Two 
known types most commonly recognized are types A and B 
Additional types of viral hepatitrs have been sdentified and by 
exclusion are referred to as non-A non-B hepatitis. Another 
recently identified agent ts the hepatitis delta virus. The long- 
term objective of the program 1s to define conditions for the 
control of viral hepatitis by improved environmental condi- 
tions, therapy. or prophylaxis. Research areas of high interest 


to the program are: 
1. Biochemical and biophysical charactenzathon of agents. 


2. Seroepidemic studies in Japan, the United States, and 
Asian countnes to identify prevalence and incidence of infec- 
tions caused by the various hepatitis viruses. Implicat im these 
objectives 1s appropnate work on im vitro cultivation of hepatitis 
agents 


3. Development and evaluation of vaccines and antiviral 
compounds for prevention and treatment of disease with par- 
ticular emphasis on therapeutic measures for chronic carers 
of type B virus. 

4. Long-term studies to determine the incidence of cir- 
thosis and hepatocellular carcinoma as a sequela of chronic 








U.S. Hepatitis Panel 


PROGRESS IN PRIORITY AREAS 


The second S years continued the raped progress of the first 
S years in our understanding and control of the hepatutrs viruses 
A better understanding of the taxonomy of these viruses is 
emerging and. for purposes of hrstoncal perspective and con- 
vemence. they have been accorded alphabetical designations. 
Each virus will be discussed individually. 


Hepatitis A Virus (HAV) 


During this period, HAV has been molecularly character- 
ized. The genomes of several HAV isolates have been cloned 
and sequenced. The virus contains a single-stranded. lincar. 
positive sense RNA of approximately 7.5 kb in size. There is 
lates of HAV. The virus is only distantly related to other pi- 
comaviruses and will probably be reclassified from the enterovirus 
genus to a new genus. 

The mojecular basis of growth in cell culture, and resultant 
acterized. Both imactivated and live. anenuned hepatitis A 
vacemes have been developed and are currently undergoing 
clinical testing. The inactivated vaccines. im particular. appear 
to be practical and should be licensed withen the next few years. 


Hepatitis B Virus (HBV) and other 
hepadnaviruses 


The genomes of hepadnaviruses are partially double-stranded. 
circular DNA molecules of only 3.2 kilobase pairs im size. 
among the smallest of all the animal virus genomes. 

Replication of hepatitis B virus has been intensively studied. 
despite the fact that the virus cannet be rsolated and serially 
propagated in cell culture. Moreover. the related hepatitis vi- 
ruses of animals, especially the duck hepatitis B virus (DHBV), 
have been quite useful in studying the replicative strategy of 
hepadnaviruses in general. The complete replication of DHBV 
im duck hepatocytes was achieved. providing an important sys- 
tem for determining the replication strategy of the hepadna- 
viruses. The control of hepadnavirus tramscnption has been a 
particular topic of interest. Both cis-acting elements (promoters 
and enhancers) and trans-acting clements (products of the X 
gene and probably parts of the pre-S gene) have proven to be 


Plasma-derived hepatitis B vaccines, the success of which 
was demonstrated during the first 5 years. were replaced with 
recombinant hepatitis B vaccines derived from yeast and mam- 
mahan cells These vaccines were shown to be at least as 


wide availability of such vaccines, they appear 


United States. princepally because of poor acceptance Py the 
populations at highest msk. Universal vwaccmaton. micad of 
vaccination of high-risk populaoms. m heme scnously con- 
sidered m order to mmprove the mmpact of these vaccines on 
public health 

The woodchuck hepatitns virus. the amemal hepadnay rus mow 
closely related to HBV . has continued to be a very escful mode! 
for studying the natural history of chromic hepatits. Specif- 
cally. the very begh mosdence of hepateceiiular carcinoma among 
chromcally infected woodchucks has made the woodchuck an 
important made! for the study of hepatocetular carcmogene sts 
In addition. the woodchuck has proven useful for mn vw studies 
of promring antivirals 

Important new information about the mmmunc response to 
HBV has been obtained. B cell and T cell epitopes have been 
identif.cd on nucleocapsid and envelope protems of HBV by 
immunization of inbred strains of mice. Strategies are berg 
developed to use this information im the creation of more om- 


munopotent HBV vaccines. 


Hepatitis C virus (HCV) 


Among the most exciting advances im the study of hepatrtrs 
viruses during the past S years was the cloning and sequencing 
of the principal blood-borne non-A non-B hepatitrs virus. now 
designated hepatitis C virus. The virus has been shown to be 
a small (30-60am). enveloped virus with a positive sense. 
single-stranded linear RNA genome of approwimately 10.000 
kb in size. The virus most closely resembles the flavivirus 
family of viruses. A scrologic test for detecting antibody to 
the virus (anti-HCV) has been developed and preliminary eval- 
appears to account for 80 to 100% of transfusion-associated 
non-A non-B hepatitis and at least 60°% of Community -acquired 
non-A non-B hepatitis. More importantly the test can detect 
potentially infectious blood donors im approwmately 85% of 
cases. In contrast, the use of so-called “‘ surrogate tests.” such 
as tests for elevated ALT values or antibody to hepatites B core 
antigen, can detect only 3% to SO% of implicated donors 
Thus, the test should have a significant impact on the preven- 
thon of transfusion-associated non-A non-B hepatitis 

A search ts im progress for evidence of additional non-A 
non-B hepatitis agents. To date, none has been found but the 
consistent failure to detect anti-HCV im some cases of chromic 
non-A non-B hepatitis suggests either that additional agents 
exist or that serologic heterogencity of HCV strains may be 
significant. In fact, partial cloning and sequencing of other 
strains of HCV have revealed a significant genetic heteroge- 
Neity among stramms. suggesting that screening tests and future 
vaccmes may require broadly reactive antigens 


Hepatitis D virus (HDV) 


Hepatitis D virus has proven to be one of the most interesting 
hepatitis viruses. During this S-year period, its genome was 
cloned and Wis acircular, single-stranded negative 
sense RNA, only 1.7 kb in size. No mammalian viruses re- 








semble HDV. However, the virus shares semilariiecs and even 
homology wath vwords and virus sateiines of plants. All of 
these agents share samilanitics wath the microns of cukaryotx 
cells. Thus, they all have sagnificant scoondary structure. they 
share certam core sequences. they all have the abulity to auto- 
catalyze cleavage and ligation ( “niborymes’’). Clones of HDV 
have been generated that arc infectrows by tramsfectoon im cell 
culture systems and im the chimpanzee animal model. Suc- 
cessful transfection m cell culture docs not require the helper 
function of hepadnaviruses that is essential on verve systems 

Hepatitrs D virus 1s an important human pathogen. account. 
ing for up to SO% of the fulmunant hepatitis associated with 
HBV infechons and 1s responsible for rapidly progressive chromic 
hepatitis in hepatitis B virus carners who are © supernnfected” 
with HDV. Infection with HDV can be prevented by preventing 
infection with the heiper HBV by vaccination, but at present. 
no means of preventing HDV infection im those already chron. 
ically infected with HBV has been found. 


Hepatitis E virus (HEV) 


The most recently discovered of the human hepatitrs viruses 
is hepatitis E virus. This virus is highly endemic im much of 
south and central Asia. the Middle East. and north ard western 
Afnca and has been responsible for at least three epidemics in 
Mexico. In regions in which it 1s endemic. it accounts for about 
SO% of clinical acute hepatitis. 

Hepatitis E virus was successfully transmitted to several 
primate species. The genome of the virus was cloned and 
partially sequenced from virus obtained im the bile of an e1x- 
penmentally infected cynomolgus monkey The genome of the 
Virus appears to be a single-stranded. positive semse lincar RNA 
sutesle of equines 1400 ts ten. 3 The virus has some 
of the characteristics of caliciviruses. 


Serologic testing for the virus has been hampered by the 
difficulty of performing immune clectronmicroscopy cupen- 
ments, the only test for antigen and antibody available unti! 
recently. However, a new immunofluorescence test was de- 
veloped that permits more rapid identification of viral antigen 
m liver and antibody in the serum of humans and cxpenmen- 
tally infected primates. Attempts to cxpress viral antigens from 
recombinant cDNA are in progress. 

The epidemiology of HEV is similar to that of HAV. Both 
are transmitted by fecal-oral means and both have a relatively 
low mortality (0.1 to 1%) except that HEV produces life- 
threatening disease in pregnant women In this group. a mor- 
tality of 10% to 20% is common, expecially during the third 
trimester of pregnancy. Preliminary data suggest that normal 
immune globulin prepared in countnes where the virus ts en- 
demic may have a protective effect during epidemics. In con- 
trast. normal immune globulin prepared in industnalized countnes 
where the virus is very rare appears to lack protective efficacy 
There is a need for active immunity against this important 
human pathogen 


Therapy for chronic viral hepatitis 


Most antivirals have proven to be disappowting im treating 
viral hepatitis. The most promising has been interferon Recent 
studies have demonstrated that recombinant interferons (gen- 
erally alpha and beta interferons) have provided temporary. 
and im some Cases, permanent improvement in patients with 


chromc hepatetes caused by cach of the three verwscs capabic 
of chrome mfcchon HBV. HCV. and HDV. Thus. mtcricron 
may to have a place m therapy of such chromic hepatetes 


SIGNIFICANT ACCOMPLISHMENTS 


Progress m vanous pnonmty arcas rs highhghted m the fol- 
lowing summary of achievements during the past 10 years 


Hepatitis A Virus 


1. tsolaton of the virus m@ cell culture 
2. Characterization. cloning and sequencing of the gen- 


ome 
3. Development of candidate vaccines 
Hepatitis B Virus 


1. Characterization, cloning. and sequencing of the ecn- 

ome 

Development of anumal mode! systems to asd mm studies 

of the pathogenesis and control of HBV 

3) = Demonstration of relatonshaps between hepadnay ruses 
and retroviruses 

4. Development of safe and highly effective plawma-de- 
nved and recombinant vaccines 

S. Use of alpha mterferon for the treatment of chron 
hepatitrs B 


Hepatitis C Virus 


1. Characterization, cloning. and sequencing of the gen- 
ome 
Beginning charactenzation of the scroemdermotogy of 
HCV 


3. Demonstration of the association of chrome HCV m- 


fection with hepatocellular carcimoma 


4. Development of a screening test for the wentification 
of blood donors who are HCV carners 


Hepatitis D Virus 


1. Discovery and characterization of a fourth human hep- 
atitrs The virus «s defective and requires com- 
fection with HBV for mts replication 
Cloning ard sequencing of the viral genome 
Demonstration that HDV 1s semuilar to vironds and related 
pathogens of plants 


Hepatitis E Virus 


1. Discovery of the fifth human hepatitis virus, associated 
with water-borne epidemics 
2. Partial characterization, cloning. and sequencing of the 


genome 


tv 


tv 


‘oa te 











FUTURE GOALS 7. Development of strategies for the prevention of HDV 
infection in chronic HBV carriers. 

1. Expanded studies to determine the safety and efficacy 8. Development of a practical serologic test for the iden- 
of candidate hepatitis A vaccines. tification of HEV infections. 

2. Development and implementation of strategies for con- 9. Development of vaccines and immunoglobulins for im- 
trol of hepatitis B through vaccination. munoprophylaxis of HEV infection. 

3. Application of new knowledge of HBV replication for 10. Search for additional human hepatitis viruses. 
the development of more effective antiviral therapy. 

4. Continued monitoring of hepatitis B vaccine efficacy. Viral hepatitis continues to be a serious health problem in 

5. Continued improvement of tests for serodiagnosis and most countries of the world. It is hoped that future advances 


screening of HCV. 


in hepatitis research will further enhance prospects toward its 


6. Development of vaccines and immunoglobulins forim- control 


munoprophylaxis of HCV infection. 


PROJECTS SUPPORTED BY THE PROGRAM 


Investigator and Institution 


Babbitt, Bruce 
Liposome Sciences, Inc. 


Bing, David H 
CBR Laboratories, Inc. 
Chisari, Francis V 
Scripps Clinic and Research Foundation 


Condreay, Lynn D 
Institute for Cancer Research 


Cupps, Thomas R 
Georgetown University 


Dreesman, Gordon R 
Southwest Foundation for Biomedical Res 


Ferrari, Carlo 
Scripps Clinic and Research Foundation 


Ganem, Donald E 
University of California San Francisco 


Ganem, Donald E 

University of California San Francisco 
Garcia, Gabriel 

Stanford University 


Gerety, Robert 
Food and Drug Administration 


Halpern, Michael S 
Wistar Institute of Anatomy and Biology 


Hollinger, F Blaine 
Baylor College of Medicine 


Title 
GRANTS 


Homogenous assay for hepatitis B virus surface antigen 


Assays for hepatitis B virus with human leukemic cells 


Pathogenesis of liver disease in hepatitis 


Regulation of avian hepadnavirus transcription in vitro 


HBSAG specific immune responses in hepatitis 


Immune response to synthetic HBSAG peptides 


Immunopathogenesis of type B viral hepatitis 


Molecular biology of the hepatitis B-type viruses 


Hepatitis B surface antigen secretion and assembly 


Expression vectors of HBSAG in attenuated pathogens 


Support for Holloman Air Force Base chimpanzee colony 


DHBV infection and associated immunity 


Synthetic hepatitis B vaccine studies 











Hollinger, Frederick B 
Baylor College of Medicine 


Houghton, Michael 
Chiron Corporation 


Johnston, Jeffrey M 
University of Utah 


Kennedy, Ronald C 
Southwest Foundation for Biomedical Res 


Lemon, Staniey M 
University of North Carolina Chapel Hill 


Lemon, Stanley M 
Indiana Foundation 


Lai, Michael M-C 
University of Southern California 


Mason, William S 
Institute for Cancer Research 


Milich, David R 
Scripps Clinic and Research Foundation 


Newbold, John E 
University of North Carolina Chapel Hill 


Ou, Jing-Hsiung J 
University of Southern California 


McLachlan, Alan 
Scripps Clinic and Research Foundation 


Montali, Richard J 
Smithsonian Institution 


Peeples, Mark E 
Rush-Presbyterian-St Lukes Medical Ctr 


Peterson, Darrell L 
Virginia Commonwealth University 


Reyes, Gregory R 
Gene Labs, Inc. 


Robinson, William S 
Stanford University 


Robinson, William S$ 
Stanford University 


Rosen, Elliot D 
American Biogenetic Sciences, Inc. 


Rutter, William J 
University of California San Francisco 


Schloemer, Robert H 
Indiana Univ-Purdue Univ at Indianapolis 


Delta hepatitis and liver disease in hemophiliacs 


A diagnostic and vaccine for viral non-A non-B hepatitis 


Regulation of adenovirus gene expression in monkey cells 


idiotypic analysis of the immune response to HBV 


Cloning and sequencing of hepatitis A virus cDNA 


Hepatitis delta infections in hemophiliacs 


Molecular biology of hepatitis delta virus 


Hepatitis B-like virus 


MHC-control and cell correlates of HBSAG immune 


response 


Conventional drugs & antiviral oligonucleotides for HBV 


Gene expression and molecular pathogenesis of HBV 


Hepatitis B virus gene expression 


Characterization of new primate hepatitis virus 


Identification of a cell receptor for hepatitis B virus 


Structure of hepatitis B antigens 


Cloning of non-A non-B hepatitis virus 


The virus of hepatitis B 


A hepatitis virus infected ground squirrel colony 


Synthetic vaccines utilizing Baculovirus polyhedra 


Molecular analysis of hepatitis B virus 


Pathobiology of hepatitis B virus 














Seeger, Christopher Replication of hepadnaviruses 


Cornell University ithaca 


Sells, Mary A In vitro testing for agents that inhibit HBV replication 
Molecular Diagnostic Systems, Inc. 

Siddiqui, Aleem Hepatitis B virus DNA as cocarcinogen in kaposi sarcoma 
University of Colorado Hith Sciences Ctr 

Standring, David N The assembly of HBV particles in xenopus oocytes 
University of California San Francisco 

Summers, Jesse W Replication and pathogenesis of hepatitis B-iike viruses 
Institute for Cancer Research 

Summers, Donald F Replication and capsid antigens of hepatitis A virus 
University of Utah 

Taylor, John M Structure and replication of hepatitis delta virus 
Institute for Cancer Research 

Thanavala, Yasmin Clinically relevant models for idiotype HBSAG vaccine 
Roswell Park Memorial Institute 

Woolf, Alan Factors influencing captive woodchuck breeding success 
Southern Illinois University Carbondale 

CONTRACTS 

Gerin, John L Operate molecular virology and immunology laboratory 
Georgetown Unive-sity 

Phillips, Jere M Facility for nonhuman primates for viral hepatitis 
Meloy Laboratories, Inc. . 

Tennant, Bud C Breeding facility for woodchucks (Marmota mona) 
Cornell University Ithaca 

Vermeulen, Nicholas M J DNA and RNA extraction from feces for DNA probe 
Microprobe Corporation analysis 

Wright, George E Antiviral drugs for treatment of human CMV infections 


University of Massachusetts Medical School 
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Japanese Hepatitis Panel 


BROAD GOALS 


Viral hepatitis ts a serous health problem im many areas of 
the world including Japan. the United States, and Asia. Two 
known types most commonly recognized are types A and B, 
which are caused by hepatitis A virus (HAV) and hepatitis B 
virus (HBV). 

Hepatitis type D, which is caused by coinfection or super- 
infecnion of HBV and hepatitis D virus (HDV) has been rec- 


Other types of viral hepatitis have been identified and are 
exclusively referred as non-A non-B hepatitis (NANBH). At 
least two types have been recognized, one is transmitted by 
fecal-oral route and its candidate etiological agent is now called 
hepatitis E virus (HEV). Another one is transmitted via blood 
and one of the candidate etiological agents ts now called hep- 
atitis C virus (HCV). 

The long-term objective of the Program is to define condi- 
tions for the control of viral hepatitis by improved environ- 
mental conditions, therapy, or prophylaxis. During the past 
decade, preparation of hepatitis B virus vaccine was accom- 
plished. Research areas of high interest to the program are: 


1. Biochemical and 
iactoding Gat of NAMSAI. 

2. Seroepidemiologic studies in the United States, Japan, and 
other Asian countries to identify prevalence and incidence 
of infections caused by various hepatitis viruses. 

3. Development and evaluation of vaccines and antiviral 
compounds for prevention and treatment of disease with 
particular emphasis on therapeutic measures for chronic 
hepatitis of type B virus and non-A non-B. Implicit in 
these objectives is the appropriate underlying work upon 
in vitro cultivation of hepatitis agents 

4. i alan dines tallies to dhdeniitn Gs Wtdiine of tugetone 
as a sequela of chronic viral hepatitis infection. 


characterization of agents 


PROGRESS IN PRIORITY AREAS 


1. Hepatitis A Virus Study; Especially the 
Development of Hepatitis A Vaccine 


Hepatitis A vaccines were prepared from HAV strain KRMO003 
cultured in the African green monkey kidney cell line after 
purification and inactivation with formalin. This work was 
done in collaboration with NIH Japan, Chiba Serum Institute, 
Denka Bio-Research Institute, and the Chemo-Sero-Therapeu- 
tic Research Institute. 

A Phase | clinical trial was donc. Three doses of vaccine 
ranging from 0.25 mg to 1.0 mg protein antigen were given 
to 36 volunteers. There was neither untoward side effect nor 
excretion of HAV from volunteers and a rapid, intense antibody 
response was observed. 

For further of HAV vaccine, analysis of the 
antigen-epitope of HAV was conducted to determine the most 


effective antigen determinants for protection against HAV in- 
fection. 


2. Hepatitis E Virus as an Etiological Agent of 
Enterically Transmitted NANBH and its 


Epidemiology 


Shiketa et al., succeeded im experimental infection of cy- 
nomologous and rhesus monkeys with a stool extract from 
Burmese patients and succeeded im the fourth passage im cy- 
nomologous monkeys. The causative virus was excreted into 
the bile and visualized as 27—30 nm particles. This seems to 
be identical to a putative causative agent of enterncally trans- 
mitted NANBH as reported by Bradicy ct al.. independently, 
and designated as hepatitis E virus (HEV). 


3. Molecular Biology of HBV 


Genomes of HBV were cloned from the plasma of a blood 
donor who carried subviral particles of three distinct subtypes 
in the following proportions: adr. 25%; ayr, 63%; and adyr, 
12%. HBV DNA clones were classified into two groups based 
on a difference at only one nucleotide in the S gene. Two 
clones had A as nucleotide 365 that formed part of the condon 
for lysine as amino acid residue 122 and produced a surface 
antigen of subtype adr in transfected NIH 3T3 cells. The re- 
maining four clones had G determining the condon for arginine 
and produced a surface antigen of subtype ayr in transfected 
cells. Similarly, HBV genomes were cloned from the plasma 
of an individual who carried subviral particles of subtypes adr 
(71%) and adwr (29%). Two clones had T and A as nucleotides 
476 and 479, respectively. The other seven clones had C and 
G as the respective nucleotides. Based on a comparison with 
previously reported HBV genomes of various subtypes, the 
mutation of nucleotide 479, forming part of the condon for 
lysine or arginine as amino acid residue 160, was deduced to 
determine the w or r subtype, respectively. When NIH 3T3 
cells were transfected separately with the genome of subtype 
adw or adr, derived from plasma containing a surface antigen 
of subtype adwr, and then cocultured, they produced subviral 
particles of either subtype adw or adr. When cells were trans- 
fected with the genomes of subtypes adw and adr simulta- 
w and r determinants on the selfsame particles. These results 
attributed the d/r and w/r subtypic change to a point mutation 
in the S gene and favored coinfection of hepatocytes with an 
HBV genome and its mutant as the mechanism of compound 


It is generally accepted that HBe antigen positive state in 
the HBs antigenemia is associated with chronic active hepatitis 
B and anti-HBe antibody positive state in chronic inactive 
hepatitis B. On the contrary, chronic active hepatitis B with 
anti-HBe antibody and HBV DNA in the blood was found in 
a few cases. By analysis of such cases Akahane et al. found 
point mutation in the pre-core region at nucleotide 83, tryp- 























tophane codon (TGG) to a nonsense codon (TAG) im the gen- 
ome of HBV from chronic active hepatitis B patients with anti- 
HBe and high ttered HBV DNA. This mutation is 

for a disturbed secretion of HBeAg into blood and HBe antigen. 
not being secreted im the blood, accumulated im hepatocytes 
leading to a poor prognostic course. 

Fujisawa ct al. succeeded in significant production of L- 
protein (the product of pre-S1 + pre-S2 + gene) after trans- 
ferring L-protein gene fused with a chicken lysosomal signal 
peptide into Saccharomyces cerevisiae. The L-protem gene 
products were found to form typical 23 nm particles containing 

major spherical and minor tubular particles which produced 
Sats ddiaiaiis ieniniats dala dae 8 and pre-S2 and S an- 
tigens in rabbit and in BALB/c mice. 


4. Development of a New Generation Hepatitis 
B Vaccine 


Based on these molecular biological studies, a new gener- 
ation HBV vaccine containing the S and pre-S2 domains was 
developed and the protective efficacy and safety were ascer- 
tained in chimpanzees immunized three times with 40-10 mg 
of vaccines. All chimpanzees gave good antibody response to 
pre-S2 as well as S antigen and tolerated against challenge with 
1,000 infection doses. This candidate vaccine have been tested 
in human beings as the phase | and phase Il studies by Lino 
et al. Good anti-pre-S2 antibody response ranging to 90% were 
observed 4 weeks after the second injection with 10 mg im 
and 20 mg sc administration. The anti-S antibody response was 
observed 4-8 weeks after the anti-pre-S2 antibody response. 

Yoneyama ct al.. also reported a stable transformed mouse 
cell line secreting HBs antigen particles containing pre-S2 an- 
tigen and the immunological efficacy of antigen particles de- 
rived from this cell line was confirmed in H-2 congenic mouse 
strains. 


5. Mother-to-Infant Infection of Hepatitis B 
Virus and its Prevention 


Since the major cause of the development of HBV carrier 
State in Japan is considered to be a mother-to-infant transmis- 
sion of the virus, the Ministry of Health and Welfare started 
a nationwide prevention program in June 1985, and all babies 
born since January 1986 to HBc-antigen positive carrer moth- 
ers have been treated with HBIG and HBV vaccine. 

According to this program, the infants born to HBe-antigen 
positive carrier mothers were injected with | mi (200 IU) of 
HBIG intramuscularly at birth. At the age of 2 months, a second 
injection of HBIG was given, and at the same time or before 
3 months of age, the first dose of HBV vaccine (10 m 1/0.5 


mil) was injected subcutaneously. The second and the third 
doses of HBV vaccine were given at 4 weeks and at 12 weeks 


after the first injection of HBV vaccine, respectively. 

The ratio of the women who were examined for 
serum HBsAg was 59% in the first 10 months, and 92% during 
the next 24 months. The positive rate of serum HBsAG in 
pregnant women in the latter period was calculated at 1.4%, 
and that of HBeAg in HBsAg positive women was 24%. The 
estimated number of HBV carriers developing in babies born 
in Japan was 4,500/year in 1985, the year before the preventive 


program began. The number decreased to approximately 800 
year in 1987 and 1988. 


6. New Developments in the Study of Blood 
Borne Non-A Non-B Hepatitis Virus (HCV) 


Arima reported that 39 plagues specific for hepatitis C m- 
fection were cloned. Their size ranged between 63 to 280 bp. 
Six of them were identical. Those can be divided into three 
groups according to thei antigenic properties tested wath the 
Anma panel reacting with serum obtained from (A) both con- 
valescent and chronic hepatitis C, (B) Convalescent but not 
with chronic, (C) chronic hepatitis C but not with convalescent. 

Seven out of 16 clones showed specific affinmmes wath chromic 
hepatitis C in the Alter panel: one had 100% affinity and the 
other two showed 80% affinity with hepatitis C infection. A 
senes of serum obtained serially from two chimpanzees in- 
oculated with the virus showed that the number of positive 
score to the clones increased by the time passed after the in- 
oculation. RNA reported from six patients with chronic hep- 
atitis C was tested by two clones thus prepared. Positive signals 
were detected by a preliminary hybndization experiment sug- 
| aaaaa. Selina a scare cumaleaima amma 


ical o did dk MMA diheilbile sda ila dita 
of a chimpanzee chronically infected with non-A non-B hep- 
atitis virus was efficiently expressed in yeast, detection of 
antibodies reacting to the expressed antigen among vanous 
hepatitis patients became possible by Kuo et al. im cooperation 

The antibody was detected in 15 out of 17 post transfusion 
non-A non-B hepatitrs patients in Japan who later became chromic 
with multiple alanine aminotransferase (ALT) peaks. Of the 
15, 10 patients had received the blood from the donors who 
were retrospectively shown to be positive for the antibody. In 
general, the antibody was detected after several peaks of ALT 
elevations and, once detected, it persisted over years. Among 
those patients with single ALT peak, however, the antibody 
was detected in only one patient out of 6. 

In acute hepatitis, anti-HCV was positive in 75.6% (31/41) 
of the post-transfusion and 35.0% (14/40) of sporadic NANBH 
and only one of 41 type B hepatitis and none of 42 type A 
hepatitis. The incidence of the progression to chronicity was 
80% (36/45) in anti-HCV positive cases showing 
differences at 0.1% level as compared with 25% (9/36) of anti- 
HCV negative cases. 

In chronic liver diseases of NANB type, this antibody was 
detected in 76.3% (200/262) of chronic hepatitis, 66.7% (106/ 
159) of liver cirrhosis and 76.2% (80/105) of 
carcinoma. In type B chronic liver diseases it was 5.1% (13/ 
255) in chronic hepatitis, 10.6% (13/123) of liver cirrhosis and 
15.8% (12/76) of carcinoma. A history of blood 
transfusion before of the diseases was observed 
in only 3.9% (16/416) of type B chronic liver diseases but was 
observed in 44.6% (189/424) of non-A non-B type chronic 
liver diseases who are anti-HCV positive and 33.6% (47/140) 
of non-A non-B type chronic liver diseases who are anti-HCV 
negative. 

Anti-HCV positivity in blood donors in Tokyo area was 
1.2% (34/2,870-. Therefore, screening out of anti-HCV pos- 
itive blood is now considered to be most potent protection 
measure not only to post-transfusion NANBGH but also to 
chronic liver diseases such as chronic hepatitis, liver cirrhosis, 
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and hepatocellular carcmoma of non-A non-B type. Based on 
these clinical studies. the Japanese Red Cross started screening 
all blood doncrs for PT-NANBH using anti-HCV test kat de- 
veloped by Chiron. This is the world’s first nationwide pro- 


Study 11> Eaght panents were randomly alloted to two groups 
and IFN-alpha (HLBI) m 3 and 6 mega IU day were imtra- 
muscularly myected in cach group for 8 weeks. These patients 
were followed as m Study 1. 

Study 1 Results: Seram aminotransicrase (ALT and AST) 
activities decreased rapidly during treatment in all groups and 
in 4 of 6 patients in 6 mega IU group remained low during the 
subsequent 12 months of the follow-up penod. while reeval- 
uation of ALT was observed im the other two groups. In all 
three groups. the findings of post-treatment biopsy showed 
marked improvements in the inflammatory reaction of the lob- 
ular and periportal arcas and im the 6 mega IU group. the 
ined for over 12 months. 
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Immunoprophylaxis 
Leading to Persistent Hepatitis B Virus (HBV) 
Infection 


A universal vaccination program, using only HBV vaccine, 
recommended for all infants by organizations in other countnes 





trolled by measures such as mmprovement of general hygiene 
Epidermological surveys carned out over the past two decades 
have shown thal the ercstest source of persistent HBV mfecnon 
is pennatal infecnon from HBeAg positive mothers to then 
nconates. Other mechanisms for transmission of the verus are 
now greatly reduced. The most effective procedure to prevent 
perinatal infection of the sclected high msk group babies has 
Clearly been adopted. At present. thes 1s combined passive and 
active immunization of nconaics, born to HBcAg positive 
mothers, at the carliest possible stage. af the latest. 24 hours 
after berth. 

Based on prelemunary tials. the Minrstry of Health and Wel- 
fare m Japan imitiated a nationwide prevention program m 
January 1986. The protocol stipulated that all pregnant women 
are to be tested for HBsAg and all babics born to HBcAg 
positive carer mothers are to be treated wath HBIG and HB 
vaccine. 

According to this program. mfants born to HBcAg positive 
mothers are injected wath | mi (2001U) of HBIG mtramus- 
cularly at birth. At the age of 2 months, a scoond impcction of 
HBIG is given. and af the same time, or at least before 3 
months of age. the first dose of HB vaccine (10 ulO_5 mi) is 
injected subcutancously. The second and the third doses of HB 
vaccine are given at 4 and 12 weeks after the first injection of 
by the government. | 

In 1987, more than 93% of pregnant women im Japan were 
tested for HBsAg and 23.4% of HBsAg positive mothers were 
also found to be HBeAg positive. This means that about 5,100 
neonates, born to HBeAg positive mothers, received immu- 


noprophylaxis. The protective efficacy is about 95%. 


Hepatitis C Virus (HCV) and Hepatocellular Carcinoma 

The mortality rate in cases with HBsAg negativity but with 
liver cancer (HOC), increased significantly from 5.6 in 1968- 
77, t© 12.1 in 1984-85. This is more than double the previous 
rate, and three-quarters of the total number of HCC cases in 
recent years. The identification of the causative agentis), is 
obviously of prime importance. 

Following reports that HCC had developed im individuals 
with post-transfusion non-A non-B hepatitis (PTNANBH). and 
that in 40% (43 out of 108) cases with liver cirrhosis and HCC 
without HBs antigenemia there was a prior history of blood 
transfusion, attention was drawn to the possibility that a re- 
lationship may exist between PTNANBH and liver cancer. 

Of the acute hepatitis cases studied; 75% of post-transfusion 
hepatitis patients were found to be positive for HCVAD and 
35% of the sporadic NANB hepatitis patients were positive. 
Only | out of the 41 type B hepatitis patients, and none of the 
42 type A hepatitis patients, expressed the HCVAb. The in- 
cidence of the progression to chronicity in HCVAD positive 
cases was 80%, compared with 25% in HCV AD negative cases. 
This difference is significant at the 0.1% level. 

In the cases of chronic liver disease, with NANB type hep- 
atitis, HCVAD was detected in 76% with chronic hepatitis, 
66% with liver cirrhosis, and 76% with HCC. However, in the 
type B chronic liver diseases, the percentages expressing HCV Ab 


were 5% for chronic hepatitis patients, 11% for liver cirrhosis, 
and 16% for HCC. A history of blood transfusion, prior to 
developing the disease, was only observed in S% of HBsAg 
positive and HCVAb negative liver cancer patients. But, for 














Electron micrograph of Hepatitis B virus 
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hepatitis C. 

3. Analysis of genome and antigen structure of HCV. 
Comparison of HCV isolates in Japan and U_S. 

4. Relation of HCV infection and hepatocarcinogenesis. 

$. Determination of chimpanzee infectivity of standard HCV 
strain for future development of HCV vaccine. 

6. Seroepidemiology in Asian countries. 


Search for not-identified blood borne hepatitis 
virus. 


1. Experimental inrection in chimpanzees. 

2. Analysts and followup of post-transfusion hepatitis without 
HCV markers. 
Research on hepatitis B virus (HBV). 


1. Molecular is of HBV infection. 
2. Mutant of HBV and its pathogenesis. 


HCV are essentially roguwed. Double micchon of two types 
of the wire<s of role of satcliae werus such as HDV also an 
mmportant profiem comcermang discasc progreswon Some 159 
of HCC. thew chological factors roma unsolved and further 
mmprovemen of detechon methads of these veruscs and par- 
ncupanon of other unknown viruses should be pursucd 

HBV. HCV. and HBV-esocuted HDV micchom cause 
acute hepatits occasionally rosulung mm fatal micchon. Pre- 
ventive measurcs by: (1) backing Mood-borme micctian. (x) 
mprovemen of vaccmahon stratcgics. (m) clucsdaor of the 
mechanism of drscasc maniicstaznon. and (1v) newer develop 
mem of treatment are also omportant propects 

HAV and HEV are now clearly demonstrated as pathogens 
of emencally tramsmatted viral bepatan Improvement of &- 
agnostic methads and development of vaccines and then cval- 
uation are currently required 

Possibility of the presence of non-A. non-B. non-C. non- 
D. non-E type of hepatites wirwses of both blood-borne type 
and entencally tramsmutted type = an umolved probiem and 
should be clanfied employing acwer technologies 

In Asia and Pacific regions. viral bepatitts of these five 
known types are all present and cause tremendous health prob 
lems m these regrom. $= informabon cuchanges and technology 
transfer m these regions based on the U S -Japan Cooperative 
Program are cxpected to contribute to the solution of these 
problems and should be fortufied further 


3. Evaluation of preventive measure of permatal HBV m- 
fecvon 

4. Trial to eradication of post-transfuson hepatites B. exp- 
ectally fulmunant type 

S$. Development of new-type HBV vaccine 
Research on hepatitis A virus (HAY). 


1. al features 
2. Evaluation of HAV vaccine 


Research on hepatitis E virus (HEV). 
Epidemiological studies mm Asian countrnes 
Research on hepatitis D virus (HDV). 

Epidemiological and climcal survey 


Treatment of hepatitis C and hepatitis B with 
anti-viral agents. 
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Joint Scientific Conferences 


HEPATITIS PANELS 


Date: March 11-12, 1985 
Place: Okso, Japan 


Summary: A twtal of 24 presentations were made at this meet- 
ing—I1 and 13, respectively, by U.S. and Japanese partici- 
pants. There were nine sessions; basic science, pathogenesis, 
and development and testing of vaccines and antivirals were 
discussed. 

Advances in virology included the cloning and sequencing 
of hepatitis A virus (HAV). It is classified as an enterovirus. 

A recombinant DNA (rDNA) vaccine for HAV is now a 
possibility. Evaluation of live, attenuated, HAV vaccine can- 
didates shows that finding the appropriate balance between 
attenuation and significant immunogenicity is difficult. A rDNA 
hepatitis B virus (HBV) vaccine candidate is safe and immu- 
nogenic in humans. 

The weodchuck now is a model for acute and chronic HBV 
and hepatitis delta virus (HDV) infection and disease. 


Date: March 7-8, 1986 


Place: Williamsburg, Virginia 


Summary: A total of 31 presentations were made at this meet- 


ing—22 and 9, respectively, by U.S. and Japanese partici- 
pants. During nine sessions, time was given to basic science, 


Characterization of the various hepatitis viruses continues. 
HAV is not as closely related to the enteroviruses as carlier 
thought. HAV appears to have a single, immunodominant neu- 
tralizing epitope. An improved understanding of replication, 
wre Ba the seme ecgper immune regulation, and 

carcinoma was evident for he- 
or Work on HDV indicates an RNA genome, 2 
internal proteins and a surface protein borrowed from HBV. 
Virus-like particles serologically related to enterically trans- 
mitted non-A non-B (ETNANB) disease in infected animals 
and outbreak human cases were reported. The agent appears 
to be calici-like. 

Vaccine continues for hepatitis A and hepatitis 
B. A live, attenuated HAV vaccine candidate produced a pro- 
tective immune response in animal studies. Inactivated vaccine 
development is at the preclinical stage. Recombinant hepatitis 
B vaccines are efficacious. 

In other areas superinfection of HBV chronic carriers with 
HDV produces more fulminant disease than does coinfection. 
Testing of antivirals such as interferon continues. However, 
little effect is seen when compared to placebo. Evaluation of 
HBcAg as a surrogate test for post-transfusion non-A non-B 


(PTNANB) hepatitis showed that screening blood donors in 
the United States would decrease cases. 


Date: March 12-13, 1987 
Place: Otsu, Japan 


Summary: A total of 33 presentations were made at this meet- 
ing—13 and 20, respectively, by U.S. and Japanese partici- 
pants. There were four sessions and time was given to basic 
science, epidemiology. pathogenesis, model systems, and de- 
velopment and testing of vaccines and antivirals. Scientific 

ions were made on both human immunodeficiency 
virus and human T cell leukemia virus-!. 

Vaccine development continues with a live. attenuated hep- 
atitis A vaccine candidate showing promise. it produced no 
liver enzyme elevations and most recipients scroconverted. 
Subunit and synthetic peptide candidates showed very poor 
immunogenicity. Major questions regarding hepatitis B vac- 
cination are being answered. Boosting of adults appears to be 
unnecessary since there is a rapid anamnestic response to HBV 
Antibody levels and protection are positively correlated to the 
dose given, making low-dose inoculations inadvisable. /n utero 
transmission may be responsible for vaccine failing to prevent 
perinatal transmission. PreS2 rDNA vaccine candidates for 
HBV are ready to begin clinical testing. 

HBV tissue culture and animal model systems now appear 
ready for use in antiviral screening. 

Basic research advances included: identification of mutations 
involved in HAV’'s cell culture adaptation, infection of lym- 
phoid cells prior to entry of woodchuck hepatitis virus into the 
liver, development of a tissue culture system actively making 
HBV; production of a monoclonal to HDAg: and identification 
of HDV a negative-strand virus. 


Date: March 16-17, 1988 
Place: La Jolla, California 


Summary. A total of 34 presentations were made at this meet- 
ing--20 and 14, respectively, by U.S. and Japanese partici- 
pants. There were five sessions and time was given to basic 
science, seroepidemiology. pathogenesis, development and 
testing of vaccines, antivirals, and diagnostics. 

New approaches to hepatitis B vaccines discussed included 
synthetic peptides and preS2 subunit approaches. Both elicit 
protective immune responses in animal models. These were 
emphasized because of basic research with inbred mice that ts 
unraveling B and T cell responses to various antigens and 
synthetic peptides. Rapidly growing strains of HAV and more 
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efficient purification procedures are making production for vac- 
cine purposes casicr. 

Advances were reported on hepadnavirus model systems. 
The transgenic mouse model permits the study of cause and 
effect relationships among DNA sequence, gene expression 
and disease. apa a ae Pe apr wap 
of research to be explored in humans—the nsk of developing 
HCC after recovery from HBV infection and reactivation of 
virus from extrahepatic sites after liver transplantation. 

Progress in virology includes: construction of infectious nu- 
cleic acid from an attenuated strain of HAV; identification of 
ETNANB disease as associated with one agent, clucidation of 
enhancer clements and trans-activating factors operating in HBV. 

Intravenous drug abuse 1s Causing hepatitis incidence to mse 
especially im the PTINANB category. 

Date: March 16-17, 1989 
Place: Gotemba, Japan 


Summary: A wtal of 37 presentations were made at this mect- 
ing—17 and 20, respectively, by U.S. and Japanese partici- 
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pants. There were five sessions and time was given to basic 
science, scrocpidemiology, pathogenesis, and development and 
testing of vaccines, antivirals, and diagnostics. 
Progress in basic virology was rapid. Post-transfusion non- 
A non-B hepatitis virus—hepatitis C virus (HCV) was cloned 
and sequenced. It is similar to the toga- and flaviviruses. Using 


a preliminary antibody test there ts a focus on epidermology. 
Intriguing carly data links hepatocellular carcmmoma with the 
presence of antibody making this the second hepatitis virus to 
be associated with liver cancer. Enterically transmitted NANB 
(hepatitis E virus, HEV) also has been cloned and partially 


Vaccine developments still focus on HAV and HBV. In- 
activated HAV candidate vaccines are undergoing expanded 
testing in adults and children. Significant antibody titers are 
elicited. Pre-S2 rDNA vaccine candidates are safe and tolerable 
in adults; antibodies to pre-S2 and S were made. Evaluation 
im non-responder groups is underway. 
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Profiles 


Dr. Max D. Cooper 
Chairman (1986—Present) 


After graduating from Tulane University Medical School im 1957, Dr. Cooper 
began his medical career holding appointments in Tulane Medical School, Hospital 
for Sick Children mn London, and the University of California San Francisco Medical 
Center 

In 1963, he jowned the Department of Pediatrics of the University of Minnesota 
where his research concerned with the dual ongins of the immune system in avian 
species blossomed. He and his associates were the first to establish that the immune 
system comprised two distinct subsets of lymphocytes. now termed B and T cells 
which could be distinguished developmentally and functionally. He has consistently 
demonstrated his versatility in adapting and applying new information gained im 
the laboratory to human disorders. His discovenes and msights have provided 
importamt advances im understanding and managing immunodeficiency disorders 
and malignancies such as leukemias 

Currently, Dr. Cooper is Director of the Cellular Immunobiology Unit of the 
Tumor Institute at the University of Alabama in Birmingham and is also a Howard 
Hughes Investigator. He is a member of the U.S. National Academy of Sciences 
In 1988-89 he was President of the American Association of Immunologists. In 
1990, he was the recyment of the 3M Life Sciences Award 

Dr. Cooper ts a charter member of the Immunology Board and has served as its 
Chairman since 1986 





JAPANESE IMMUNOLOGY BOARD 


Dr. Tadamitsu Kishimoto 
Chairman (1986—Present) 


After graduation from the Medical School of Osaka University in 1964, Professor 
Kishimoto started his research career as an immunologist in the Department of 
Medicine, Osaka University which was then chaired by Dr. Yamamura. There he 
demonstrated the pentamernc structure of human IgM. In 1970, he became a post- 
doctoral fellow i the laboratory of Dr. K. Ishizaka at the Johns Hopkins University 
His work there showed that the helper function of T cells m the IgM and IgG 
antibody responses could be mediated by antigen-nonspecific soluble factoris) re- 
leased from T cells. This study developed into the discovery of intericukins for B 
cell regulation, IL-4 and IL-6. After his return to Osaka University, he was promoted 
to Professor of the Medical School in 1979 and later, Professor of the Institute for 
Molecular and Cellular Biology. He continued his studies on regulation of B cell 
responses and discovered IL-6 im 1986. A senes of his studies demonstrated that 
IL-6 plays an important role not only in antibody production but also im hemato- 
poiesis and acute phase reaction. Recently, his group succeeded im the molecular 
cloning of IL-6 receptor and revealed a umique mechanism of signal transduction 
through interleukin receptors. His studies have contributed to making ‘cytokine or 
interleukin research”’ one of the most popular ficids of immunology 

Dr. Kishimoto has been a member of the Immunology Board since its mception 
and has served as Chairman since 1986. As a council member of the International 
Union of Immunological Society (IUIS) as well as the Japanese Immunology So- 
ciety, he continues to contribute to development of the field of immunology 


Dr. Yuichi Yamamura 
Chairman (1981-1985) 


After returning from the Navy, Professor Yamamura started his research career 
in the Department of Organic Chemistry, Faculty of Science, Osaka University, 
and worked as a medical doctor in the National Sanatorium Toncyama Hospital 
At that time, he proved, in rabbits, that experimental tuberculosis cavities were 
produced by an allergic reaction to the cellular components, especially the protem 
fraction of the tubercle bacilli, but not the living bacilli. This was not only an 
important work in tuberculosis but also a proncer study im the field of cellular 
immunology. In 1958, Dr. Yamamura was appointed as Professor of Medical 
Chemistry, Faculty of Medicine, Kyushu University , and then became the Chairman 
and Professor of Internal Medicine, Osaka University Medical School m 1962. As 
Professor of Medicine, he expanded his research interests into immunology. he- 
matology, endocrinology, and oncology. He was especially interested in biochem. 
ical and immunological studies of tubercle bacilli, and he worked extensively on 
the application of mycobacterial cell wall skeleton on cancer immunotherapy. He 
was clected President of Osaka University and held that position from 1980 to 
1986 

Dr. Yamamura was a member of the Tuberculosis Panel since i inception and 
was its chairman from 1978 to 1981. When the Immunology Board was established 
in 1981, he became its first chairman and served until 1982 when he became a 
member of the Japanese Delegation. Dr. Yamamura has made a great contribution 
to the USJCMSP based on his expenence in basic and clinical medicine. He is still 
an active scientist, especially in the field of immunology, and is a leader im the 
Japanese scientific Community 














GUIDELINES 


IMMUNOLOGY BOARDS 


United States-Japan Cooperative 
Medical Science Program 


Immunology has made rapid advances m the last decade 
The recent introduction of the techniques of somatic cell hy- 
bridization, molecular genetics, and long-term culture of un- 
munocompetent cells to the study of the ummunc system has 
caused an unprecedented increase im our understanding of this 
field. Such progress m fundamental immunology has the po- 
tential to revolutionize the diagnosis, treatment, and prevention 
of immunologx and infectious disease. including those being 
studied under the auspices of the U.S.-Japan Cooperative Med- 
ical Science Program. 

A long-term objective of the Immunology Boards 1s to study 
and clucidate the cellular and molecular mechanisms of the 
immune response and to define effective approaches for the 
mamipulation of the immune system. 

In order to achieve these purposes, the Boards will focus 
their concern on the following research areas: 


1. Molecular studies of the genetic organization of the 


lymphoid system. 
2. Cellular and molecular studies of lymphocyte activa- 


bon. proliferanon. and differentiation. 

3. immunogenctic approaches to the study of lymphocyte 
imteraciions, wath cmphasis on the role of hrstacompatibilsty 
gene products mm the regulation of the ummunce response 

4. Cellular and motecular studies of the regulation of the 
immune respomsc, with emphasis on diagnosis. therapy. and 
prevention of diseases mmvolving disordered mmmune function 
or affected by the mmmune response. 

5S. Application of techmigues for the development of stable 
cell lines and of somatic cell hybrids to the study of the reg- 
ulation of lymphocyte activation and function and to the prep- 
aration of monoclonal antibodies, lymphocyte receptors and 
specific, as well as nonspecific, lymphocyte products. 

6. Application of molecular genetics to stady functions of 
the immune system, including genes encoding cell surface an- 
tigens, secreted immunoregulatory factors. and important for- 
cign antigens. 

7. Mechanisms to support the interaction of mmmunologists 
and the exchanges of information and material between the 
two countries. 
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U.S. Immunology Board 


BROAD GOALS 


In 1980, the Jot Commitice of the U _S.-Japan Cooperative 
Medical Science Program sponsored an Immunology Sympos- 
ium as a first step to adding immunology to the Program. A 
was a discipline, rather than a discasc-oriented areca, i was 
named a Board instead of a Pancl and funded by the Ministry 
of Education rather than the Ministry of Health and Welfare. 

In reaching the decision to add an Immunology Board, the 
Jou Commiutice noted that im the ficid of immunology rapid 
advances had been made during the last decade. The recent 
introduction of techniques of somatic cell hybridization, mo- 
lecular genetics, and long-term culture of immunocompetent 
cells applied to studies of the immune system has caused an 
unprecedented increase in our understanding of this field Such 
progress in fundamental immunology has the potential to rev- 
olctionize approaches to the diagnosis. treatment. and preven- 
conditions studied under the auspices of the U.S.-Japan Co- 

Consequently, the Joint Committee agreed that a long-term 
goal of the Immunology Board should be the study and clu- 
cidation of cellular and molecular mechanisms of the immune 
response and the definition of effective approaches to the ma- 
mipulation of the immune system. 

The goals of the Immunology Boards have been incorporated 


PROGRESS IN PRIORITY AREAS 


The U.S.-Japan immunology Board has been in existence 
less than 10 years. However, those 10 years have been char- 
SRE rer oe ae Caney Se Os Cuvee ore & Oe 


knowledge in the field of immunology. Such astounding prog 

seas tas Geen failed tay Gp Govdiupunnin of On edhtiaas ont 
equipment for gene isolation, cloning. sequencing. and trans- 
fection, for constructing monoclonal antibodies against vir- 
tually any interesting molecule, for enumerating. isolating. and 
enriching cells present in complex mixtures, and for cultivating 
and propagating a vast vanety of cells im vitro under conditions 
suitable for vigorous analyses. As a Comsequence. enormous 
Gide: (ave (ate exis G Gelententien lee Gata 
sponses are initiated and manifested. and what goes wrong in 


The past decade might be described as the era of the T cell 
in immunological research. During that time, the molecular 
basis of clonal specificity vis-a-vis antigen recognition has been 
elucidated. The curious histocompatibility restrictions on the 
interactions of B, T, and antigenpresenting cells have been 
explained and the molecular details of the specificity restric- 
tions of T-cell receptors clarified. At long last, the remarkable 








events that occur im the thymus during T-cell dificrentiaton 


and the high rate of death of lymphocytes within the thymus. 

The past decade might also be described as the cra of cy- 
tokines. During that time, some 20 distinct molecules that 
influence the activation, differentiation. and proliferanon of 
leukocytes have been described and charactenzed and their 
genes cloned. Many are available im sufficient quantities for 

ic trials. The specific receptors for most of the cy- 

of them cloned. In general, the cytokines display several bi- 

of the lymphoid system. There remains a great deal of work 

to be done, including the discovery of new cytokines. but even 

now it is clear that the usefulness of the cytokines as immu- 
‘cal agents will be enormous. 

In the last > years, especially. two other areas of immuno- 
logical research have blossomed (blossomed again would be 
more accurate), namely, the area of lymphopoietic stem/pro- 
genitor cells and the area of antigenic processing and presen- 
tation to cognate, responsive lymphocytes. Owing to the 
fluorescence-activated cell sorting and flow cytometry tech- 
niques and the ingenious use of immunodeficient mice (SCID 
and the triple mutant, bg/nu’xid) the way is now open to de- 
and their differentiation. With regard to antigen processing and 
presentation, two remarkable advances stand out: first, the 
careful tracing of the controlled modifications of protein an- 
tigens that result in the preservation of selected peptides which 
associate with histocompatibility Class [I] substances to form 
an immunogenic complex suitable for stimulation of cognate 
T cells; and, second, the elucidation of the peptide binding site 
of a Class | histocompatibility substance showing how appro- 
priate antigen fragments may be ‘une selectively bound. The 

of these latter two advances remain to be fully 
appreciated and will be uppermost in the minds of immunol- 
ogists for the next decade. 


Differentiation and Maturation of the Immune 
System 


The generation of the variety of mature blood cells from 
common cells has long been a favorite system for 
the analysis of cellular differentiation. The full potential of the 
system for analysis of lymphocyte differentiation has been re- 
alized only recently as the result of several technical advances 
including: (a) the development of monoclonal antibodies agamnst 
lineage-associated marker molecules and markers associated 
with carly precursors (‘‘stem cell antigens’’), (b) refinements 
in the apparatus and techniques employed for fluorescenceac- 
tivated cell sorting (FACS). (c) improvements in in vitro culture 
procedures that support growth and differentiation of hema- 


127 











tolymphosd precursor cells and thew progeny. and (d) the de- 
velopment of the mutant. severe-combuned-mmmunodeficicat 


(SCID) mouse and ms use im the analysis of development and 
differentiation of the immune system as well as mm discases of 
the wummune system. All of these technigucs and tools have 
been utilized m the wolation and characterization of the he- 
matolymphosd stem cells of the mouse. The carhest (least ma- 
ture) of such stem cells occurs wath a frequency of about | per 
2000 cells and by appropriate use of monoclonal antibodies 
and the FACS apparatus have been separated m vertually pure 
condition (frequency | in | to | im 2 of separated cell prepe- 
ration). Thirty of these cells will rescue SO% of icthally wra- 
diated mace from death duc to hematopoietic fasbure and will 
restore the entire spectrum of blood cells im those mice. In 
addit:on to those plunpotential. self-renewable stem cells. other 
precursor cells have been isolated by use of different combi- 
nations of monoclonal antibodies mnchud.ng a plurmpotential sct 
lacking self-renewing capacity and several sets of lincage-re- 
directly from the thymus. The least mature of three such types 
of thymic progenitors has the capacity for extensive self-re- 


in which the prospective T cells, capable of reacting so strongly 
with self-MHC substances as to be potentially dangerous. are 
climinated The qpecilichyy caperteise Gaglayed by FCR Gach 
a ee et ee ee 

of topcugically similar processed antigen fragments) is gen- 
erated by rearrangements of genetic elements to form functional 
alpha and beta chain genes. For example, a given alpha chain 
gene may be composed of one of about 1S V gene segments 
and one of another SO J segments. additional diversity im the 
functional gene arises in the joining of V and J segments by 
variable deletion andor addition of bases. Construction of a 
functional beta gene involves that result om uti- 
lization of one cach of about 21 V and i2 J segments. In 
addition. two D segments are available and a grven functional 
gene may nclude either, both or nesther of them. Again, bases 
may be added or deleted at the punctions between V and D and 
D and J segments. In mice, the number of different genes that 
can be constructed approaches 10° or approximately a9 order 
of magnitude greater than the number « wature T cells preseni: 
m the animal 

The positive and negative selection of differentiating thy- 
mocytes that occur in the thymus and cemer around recognition 
of self-MHC substances are among the most remarkable phe- 
nomena in biology. That these processes occur im the thymus 
is now certain, how they occur from a mechanistic perspective 
ts uncertain The paradox that thymocytes are both positively 
and negatively selected for recogneteon of self- MHC substances 
particularly needs to be resolved. 

Selective amplificaton of developung thymacytes may depend 
upon the molecular context in which the TCR interact with am- 
tient MHC molecules. For example. a gene encoding the 6 chain 
of a TCR specific for L* was expressed in a high proportion of 
CD8* T cells in H-2" transgenic mice; but in H-2’ mice there 


were many fewer CDS” cols cuprowung Ge qooolx TCR. ip 
H-P?* mice there were vetually co CIM” a CDS” oct he 
expressed the tramegcne midbcating ncgative keh aga wach 
cells, however.CDS CDS oclis hd cures Gee Gamer Then. 
the funchonally matwe CDS CDS cclh whch cuprowed te 
twansgene were not sckcted agar. where potcetull) ato 
reactive CDS" and CDS” cols were. Sach fides edicute et 
the MHC covwcement @ ehh GQymcvic Gilet db 
unctly anfluences the T cell reperioure throwgh both pewatve and 
negative sclechon processes 

The CDS and CD4 molecules present on T cells mmtcract wath 
nonpalymorpiuc regions of class | and class I] MHC molecules. 
respectively. and the imicrachoms strengthen the bending of the 
TCR to thew cognate ligands. it has been proposed. therefore. 
that the interaction of TCR wath class I or class 1 thyec MHC 
antigens directs the differentiation of mmmatere CDS CDS” 
imo mature CD4 ** of CD4°S8 T coll. respectively 

The molecular structure wath which the TCR mitcracts 
created by the binding of antigenic pepades to MHC molecules 
The topology of the natiwe MHC molecule « such that the 
pepade-Sunding site involves amuno acd resducs m cach of 
the variable segments of the aB TCR. Thus. m the lenting 
situation where the spectrum of TCR 1 presented wath a ope- 
cific peptide-MHC combination. only a few clones of T cells 
are prepared to recognize that Combenaton In the more pencral 
case, where the immune system i presented wath a x 
antigen from which a number of peptides can be gencrated 
capable of interacting with a wide vanecty of products of MHC 
alleles. many T cells displaying a vanety of specific TCR will 
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combination with the H-2 class I molecule. 1E. Therefore, T 
cells expressing the VB I7a are completely atvent m mice 
lacking TE that have been infused with bone marrow cells from 
donors. Similarly, T cells displaying VB 8.1 of VB 6 react 
products of the Mis-1" locus in combination with any of 
several class I] substances. These T cells are clomenated dunng 
the development of self-olerance m mice possessing the ap 
propriate combination of H-2 haplotype and self-antgen 
A fascinating pair of foreign superantigens are Staphylo- 
coccal enterotouins A and B (SEA. SEB) SEA mm combunation 
with MHC substances of most IE aod LA haplotypes. miteracts 
with T cells displaying VB 1. V8 3. and VB Il. SEB mm 
combination with products of most 1A and IE haplotypes « 
recognized by TCR containing VB 5. VB 8.1. VB 82. and 
VB 8.3. Injecting SEB into neonatal mice results m tolerance 
that climinates T cells cupressing VB * and VB & clements 
accompamied by a slight compensatory nee in T cells displaying 
VB 6 
Superantigens interact with a significant portion of the T 








cell repertoire as a result of being recognized in association 
with MHC products by. usually. a variable element in the aB 
TCR, generally VB. Because different mouse strains carry 
between I! and 21 different VB clements. superantigen-in- 
duced tolerance could dramatically alter the repertoire of ma- 
ture T cells in mice. 

Studies of human thymocyte differentiation have been car- 
ned out by implanting human tissues into SCID mice. Small 
pieces of human fetal thymus inserted under the kidney capsule 
of SCID mice generate sizable pieces of thymic tissue. In SCID 
mice that received a graft of human fetal thymus tissue under 
the capsule of one kidney and a graft of human fetal liver to 
the other kidney, human T cells were generated for many 
weeks. These mice suffered no graft-vs-host disease and were 
protected against Pneumocystis carinii infection. Presumably 
the immune response against infection was ail-human involving 
antigenpresenting cells derived from the liver graft. These SCID/ 
human (SCID/hu) mice were susceptible to infection with hu- 
man immunodeficiency virus (HIV). When HIV was inoculated 
into the thymus graft it could be shown that the virus was 
present in CD** cells and the formation of typical syncytia 
was observed. 

The maturation of B cells from their progenitors involves 
rearrangements of the germline genes preparaiory to the bio- 
synthesis of H and L Ig chains. Evidence has supported the 
view that this ts an orderly process in which the expression of 
mu H chains precedes the expression of L chains during the 
conversion of preB cells to B cells. A model of the process 
envisions a dual role for the mu chain that is produced following 
V-D-J gene rearrangement: first, in terminating further H chain 
gene rearrangement, thus, insuring allelic exclusion and, sec- 
ond, in inducing L chain gene assembly. In order to test this 
model, an analysis of stages in the maturation of human B 
ceils from their precursors was carried out. Transformation of 
human B cell precursors present in fetal bone marrow (depleted 
of B cells) was accomplished by treatment with Epstein-Barr 
virus (EBV). The Ig genes in EBV transformants are stable 
and do not undergo further rearrangements during in vitro pro- 
liferation. Thus, the condition of the Ig genes at the time of 
transformation becomes fixed. Among a large number of trans- 
formed J cell precursors, novel types of cells were found 
frequently in which X or light chains were expressed in the 
absence of H chain expression. This result was verified both 
by immunofluorescence analysis of cells using specific mon- 
oclonal antibodies and by analysis of lg gene rearrangement 
using selective gene segment probes. A number of possible 
explanations for the existence of the pre-B cells that express 
only light chain genes has been considered. The most reason- 
able conclusion appears to be that these cells represent a normal 
phase in the pathway of B cell development. 

The molecular events underlying the recombination of vari- 
able genetic elements to form immunoglobulin ‘lg) and TCR 
genes, together with the molecular controls of initiation and 
rates of transcription of those genes, represent some of the 
most challenging problems in biology. Research activity in this 
area is intense and a great deal of information is being gen- 
erated. 

In both T and B cells the recombining of the variable genetic 
elements involves a system of enzymes termed *‘recombi- 
nases."’ One mechanism that may moderate Ig and TCR vari- 
able gene rearrangements in different tissues or stages of cell 





differentiation is the accessibility of V. D, and J gene segments 
to the recombinases. Since the initiation of transcription de- 
pends on enhancer elements. the accessibility of the latter to 
recombinases might constitute a major control mechanism. To 
test the idea, a gene construct called a “recombination sub- 
strate’’ composed of a Cu gene. with or without the Ig H-chain 
enhancer, separated from TCR JB. DB, and VB segments sit- 
uated upstream, was introduced as a transgene into mice. Lack- 
ing the enhancer, no evidence of rearrangement in the gene 
construct was found in any tissue. With the enhancer present. 
DB to JB rearrangements occurred in B cells while DB to JG 
and VB to DB JB rearrangements occurred only in T cells. It 
appeared that the presence of the enhancer was necessary for 
access of the recombinases to the locus while some other cle- 
ment associated with the VB segment, possibly the promoter. 
controlled the T or B cell pattern of VB to DJB rearrangement 

Accessibility of nucleotide sequences located in critical switch 
(S) regions to recombinases may be a major factor in regulating 
Ig class (isotype) switching. In class switching. a deletion type 
of mechanism, which is distinct from the V region assembly 
process, appears to involve recognition of a set of repeated 
sequences (S regions) situated 5’ with respect to each set of C 
region axons. Abelson leukemia virus transformed B ce'!s are 
frequently used to study the process. Transformants that un- 
dergo frequent p-to- 2b switching when treated with mitogen 
express switch region recombinase activity. Introduction of a 
recombination substrate into such cells can be used to dem- 
onstrate joining of » and 2b S regions. Studies such as this 
have led to the conclusion that heavy chain class switching is 
achieved by accessibility of C region loci to a common § region 
recombinase. Transcription of these regions is associated with 
the switching process. Class switching can be induced in B 
lymphocytes by mitogens and certain antigens. For example. 
stimulation with LPS generally results in progeny producing 
IgM, igG3, and IgG2b. But when IL-4 is combined with LPS 
a high frequency of progeny express IgG1. The addition of IL- 
4 abolishes the production of germline 2b transcripts suggesting 
that it may alter accessibility of recombinases to the S region 
of 2b. 


Initiation and Generation of Immune Responses 


The details of antigen processing and interaction with Class 
Il (la) molecules within antigenprocessing cells (APC) are, at 
last, yielding to analysis. Studies have been performed with 
well-defined protein antigens and with natural immunogens 
(monocytogenes). In order to initiate immune responses, both 
have to be internalized by APC and subjected to biochemical 
processing. The latter occurs in acidic intracellular vesicles and 
involves both unfolding and fragmentation of proteins. Ap- 
propriate fragments quickly become associated with local la 
molecules and subsequently displayed at the APC surface. The 
binding of known immunogenic fragments to la molecules 
appears typical of ligand-receptor interactions; ¢.g.. binding to 
la molecules is saturable and is characterized by dissociation 
constants (Kd) in the micromolar range. It appears that binding 
of a peptide within the site (“‘trough’’) on la molecules results 
in a change in the conformation of the peptide thus creating a 
new and stable *‘conformer."’ The efficiency with which APC 
present these immunogenic conformers to cognate T cells is 
controlled in part by the availability of la molecules within 











APC. In the case of macrophages (MP) as APC, the density 
of la ts, in part, regulated by an lainducing lymphokine secreted 
by T cells. Cenversely, MP elaborate the cytokine IL-1 which 
indirectly regulates the proliferation of many T cells. Thus, 
there ts a subtle interplay between MP and T cells that is critical 
in the initiation, and in determining the magnitude, of T cell 
responses. Recently, it has become clear that there are two 
subsets of T helper cells that can be readily distinguished (in 
the mouse, at least) by the spectrum of lymphokines that they 
synthesize. To illustrate: Th! cells produce IL-2 and IFN- while 
Th2 cells generate IL-4 and IL-5. Some lymphokines, such as 
IL-3 and GMCSF., are formed by both subsets of Th cells. 

There ts convincing evidence that direct cell-to-cell contact 
between T lymphocytes and APC is required in the early ini- 
tiation of immunological responses. These interaction, like a 
variety of other cell-cell interactions, appear to be promoted 
by a family of related glycoproteins termed **lymphocyte func- 
tion-associated”’ (LFA) molecules. Thus, molecules of LFA- 
| are associated with Th cells and the corresponding ligands, 
ICAM.-| (for **intercellular adhesion molecule’’), are found on 
APC. Similarly, LFA-3 is associated with APC (dendritic cells, 
for example) and the ligand, CD2, is a well-known molecule 
located on T cells. Associated interactions between these pairs 
of complementary molecules greatly enhance the formation of 
stable conjugates of T cells and APC by significantly reducing 
the free energy beyond that attributable to TcR-la-antigen in- 
teraction. The available evidence strongly suggests, but does 
not yet prove, a role for LFA molecules in T cell-APC and T 
cell-B cell conjugate formation. 

One of the most fascinating and potentially important lines 
of investigation in recent years has been dedicated to cytokines. 
These remarkable molecules and their cognate receptors are 
intimately involved in the regulation of immune responses. 
The various interleukins, for example, are in part, responsible 
for up-regulating various receptors, activating B and T cells 
and macrophages, stimulating growth and/or differentiation of 
B and T cells, selectively activating genes, stimulating the 
formation of reactive oxygen free-radicals, triggering immu- 
noglobulin isotype switching and many other effects. A variety 
of cytokines and their receptors have been characterized, in- 
cluding at least nine interleukins, and in most cases their genes 
cloned. In addition to their immunoregulatory properties, the 
cytokines display a variety of other biological activities. In- 
deed, these other activities (‘side-effects’) may limit the ther- 
apeutic utilization of cytokines in the treatment of immunological 


diseases. 


Molecular Immunology and Disease 


The CD4 (L3T4) and CD8 (Lyt2) surface molecules are 
present on two different subsets of mature T cells but are co- 
expressed on less mature thymocytes. It appears that these 
molecules are instrumental in the selective interactions of the 
two types of T cells with the appropriate MHC molecules. In 
the case of CD4° cells, the TCR characteristically interact 
with Ag fragments associated with Class Il molecules while 
the TCR of CD8° cells interact with Ag associated with Class 
1 molecules. This selective adhesion of cells is promoted by 
the affinity between CD4 and Class II molecules and between 
CD8 and Class I molecules. A cell-cell binding assay was 
developed to study the interaction between CD8 and Class | 


130 


molecules in the absence of TCR. The CD8 gene was trans- 
fected into CHO cells leading to the expression of CD8 mol- 
ecules at the cell surface. The binding to monolayers of CD8- 
expressing CHO cells of other, B lymphoblastoid cells (known 
to express significant amounts of surface, Class | molecules) 
was assessed. In this way, it was shown that: (a) the extent of 
interaction is proportional to the surface density of Class | 
molecules, (b) the extent of interaction is influenced by the 
HLA Class I allele involved, and (c) interaction with CD8 
molecules appears to be through the 3 domain of the Class I 
molecule although the 2 chain may also be involved. 

It has been assumed that the CD4 and CD8 molecules per- 
form roughly the same function with respect to activation of 
the T cells that bear them. A test of this assumption was 
conducted by studying the effects on surface density and dis- 
tribution of cells activated with the phorbol ester, PMA. The 
latter exerts its effect by activating protein kinase C (PKC). 
PMA treatment caused a rapid down-regulation of surface CD4 
and TCR molecules both in cells expressing CD4 only and in 
CD4* CD8* cells. In contrast, there was no change in the 
expression of CD8 molecules. These results suggest that the 
surface display of CD4 and CD8 molecules is controlled by 
different intracellular mechanisms. 

Currently, there is a great interest in the CD4 molecule owing 
to its high affinity of interaction with the gp120 envelope gly- 
coprotein of the human immunodeficiency virus (HIV). At- 
tempts to block this interaction with antibodies prepared against 
gpi20 have not been very successful in part because they are 
weakly neutralizing and in part due to the extensive poly- 
morphism of gp120. On the other hand, monoclonal antibodies 
against human CD4 do block infection. HIV gp120 interacts 
weakly, if at all, with murine CD4 in contrast to human CD4. 
This difference has been exploited in order to ascertain which 
domain(s) of human CD4 are involved in the binding to gp120. 
The CD4 molecule is composed of 6 domains: 4 external, | 
transmembrane, and | cytoplasmic tail. Chimaeric gene con- 
structs in which the different domains of the human and mouse 
CD4 genes were linked together in different combinations, 
were prepared and transfected into CHO cells. The cells were 
analyzed for surface expression of the domains encoded by the 
chimaeric genes and for binding of gp|20. These experiments 
demonstrated that amino acid residues within the amino ter- 
minal, immunoglobulin-like domain of human CD4 are in- 
volved in binding gp120 as well as many of the anti-CD4 
monoclonal antibodies that have been prepared. 

It is probable that the rules governing epitome recognition 
by antibody-combining sites are quite different from those con- 
trolling recognition by TCR. Clearly, the latter is a much more 
complicated process requiring, among other things, molecular 
MHC compatibility. Molecular variations in immunological 
recognition ultimately must be weighed heavily in regard to 
autoimmune phenomena. A particularly good illustration of 
this comes from recent work on T cell induction of experimental 
autoimmune encephalomyelitis (EAE) in mice. Myelin basic 
protein (MBP) induces EAE when inoculated into mice with 
an appropriate adjuvant. It is particularly interesting that dif- 
ferent segments of the molecule induce EAE in different strains 
of mice. For example, a sequence of 37 amino acids at the 
amino terminus of the molecule is quite effective in inducing 
the disease in mice of strains PL/J, A/J and BIO. BL. By com- 
parison, the sequence from positions 89-109 (approximately) 














is most effective in SJL and other strains. Different strains of 
mice were immunized with MBP and their T cells recovered 
when EAE appeared. The spectra of specificities of the T cells 
of several strains toward a panel of 16 different peptides pre- 
pared from MBP were determined. The results from two strains 
are illustrative of the findings: recognition of a nonapeptide at 
the amino terminus clearly dominated among T cells from 
B1O.BL mice while T cells from SJL mice were disposed to 
recognize a peptide including positions 81-114. Presumably, 
dominance of a peptide with respect to T cell recognition is a 
reflection of both antigen processing and affinity for certain 
Class I] molecules. From the population of CD4° T cells that 
recognized peptide 1-9, 33 clones were established and ana- 
lyzed for Va and VB gene usage. The results revealed that 
only four of the available pool of Va and VB genes were used. 
This represents incredible selection. Results such as these have 
cleared the way to preparing monoclonal antibodies and even 
cloned T cells specific for epitopes associated with the VB 
elements represented on autoaggressive T cells reactive with 
MBP. Such antibodies and T cell clones have proven to be 
effective in treating EAE in animals. A similar approach to 
treating multiple sclerosis in humans looks quite promising. 

Evidence that LFA substances are involved in the effector 
phases of immune phenomena is unequivocal. For example, 
target cell killing by cytotoxic T lymphocytes, by large granular 
lymphocytes functioning cither in the NK or antibody-facili- 
tated (ADCC) mode involves LFA-1|-promoted adhesion. This 
can be shown clearly by the fact that MAb against LFA-1 
selectively block target cell killing. The LFA molecules and 
their ligands are widely distributed on different cells. Accord- 
ingly, they are intimately involved in inflammatory reactions. 
Three members of the LFA family, LFA-1, Mac-1, and p150,95 
are readily located at sites of inflammation. These three mol- 
ecules are heterodimers that possess identical chains but dif- 
ferent (although related) chains. Mac-1!, and p150,95 promote 
adhesion of granulocytes and monocytes to endothelial cells 
and other tissue substrates. Mac-1 functions as complement 
receptor type 3 (CR3) and binds iC3b. Both Mac-! and p150,95 
molecules are present in cytoplasmic pools in monocytes and 
granulocytes. Chemoattractant substances promote the mobi- 
lization of these preformed molecules to the surface of the cells 
with the result that the cells adhere to other cells and substrates 
at sites of inflammation. 

A genetic disease called leukocyte adhesion deficiency (LAD), 
transmitted as an autosomal recessive condition, results from 
a deficiency of the B chain of LAF-1, Mac-1, and p150,95. 
Patients who suffer from LAD experience recurrent, life-threat- 
ening bacterial and fungal infections along with other prob- 
lems. Leukocytes from these patients fail to perform adherence- 
dependent immune functions. 

Recently, the molecule ICAM-1! has been demonstrated to 
function as a receptor for the influenza virus. Monoclonal an- 
tibody against ICAM-1! blocks the entrance of the virus into 
host cells. This finding may pave the way to effective pro- 
phylaxis for influenza. 


SIGNIFICANT ACCOMPLISHMENTS 


As described in the section on Progress in Priority Areas, it 
is evident that rapid advances in recombinant technology and 
genetic engineering have accelerated immunological research 
by the board. 


The success in molecular cloning of both IL-6 and IL-6 
receptor prompted search for its possible association with sev- 
eral diseases of unknown etiology and resulted in discovery of 
its involvements in rheumatoid arthritis and oncogenesis of B 
lineage cells. Human 1L-2 and 1L-2R transgenic mice provided 
an ideal model to delineate their in vivo functions for future 
e ; 
Comparative studies on closely related HLA class | genes 
and molecules gave an insight into the evclutional pathway 
and genetic mechanisms by which the current diversity of their 
specificities were evolved, notably recombinational events in 
and around the exon 2 of the HLA class | genes. Identification 
of human minor histocompatibility antigens and their restriction 
molecules for T cell recognition would warrant further explo- 
ration of the mechanisms involved in T cell recognition of 
allopeptide. 

Studies on immune regulation in humans have resulted in 
discovery of HLA-linked immune suppression gene(s); while 
studies of I-J peptide and its role in immune regulation have 
been progressing. Information gained in these fields will un- 
doubtedly contribute to a better understanding of regulatory 
mechanisms of the immune system and consequently to pre- 
vention and control of immunological disorders. 

Last but not least, discussions between Japanese and U.S. 
Board members have been extensive at cach of four annual 
Board-sponsored meetings on either side of the Pacific. All of 
these meetings have been a very effective means for exchange 
of information and simultaneously for stimulation of the young 
immunologists of both countries who joined the meetings. 


MAJOR ACHIEVEMENTS 


Since its inception in 1981, the U.S. Immunology Board 
has been composed of leaders in advancing the field of im- 
munology through their research. Some, but by no means all, 
of the advances that has emanated from their laboratories in- 
clude the following: 


a. The discovery and characterization of new cytokines that 
affect B lymphocyte differentiation, selective gene activation 
and immunoglobulin isotype expression. 

b. Analysis of factors that influence the synthesis, secre- 
tion, and localization of immunoglobulin E antibodies involved 
in allergic reactions. 

c. Preparation of novel immunotoxins and immune re- 
sponse modulating factors and analysis of their effects in de- 
pressing or stimulating immune responses in both animal models 
and clinical trials. 

d. Systematic investigations of development and differ- 
entiation of the immune system, especially lymphocytes of the 
B and T cell lineage in both animals models and humans. 

e. Studies of the frequencies, phenotypes, and differentia- 
tive potentialities of hematopoietic progenitor cells together 
with the development of methods for isolating progenitor cells 
and studying their potentialities in immuno-destitute, murine 
model systems. 

f. Investigations of the molecular-genetic basis of antibody 
and T cell specificities and the genetic organization and evo- 
lution of the immunoglobulin superfamily of genes. 
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g. Identification and characterization of T cell receptors, 
pioneering investigations of the genetic control of T cell re- 
ceptor specificity, and seminal analyses of the molecular bases 
of T cell selection in the thymus. 

h. Development and utilization of novel procedures for 
analyzing the processing, i.c., the controlled fragmentation of 
protein antigens within the cytosol of antigen processing/pre- 
senting cells along with pioneering studies of the formation of 
immunogenic peptide-Class I] molecular complexes within those 
cells. 


It is apparent that the research interests and efforts of the 
U.S. Board members a cross-section of the concep- 
tual and technical fabric of modern immunology. It is equally 
true that the members of the Board are world leaders in im- 
munological research. 

One of the major accomplishments of the Immunology 
Board—one of long-range significance—has been the creation 


of cooperative research programs involving members of both 
the U.S. and Japanese Boards. These collaborative programs 
are important for two reasons: first, because they result in 
research of the highest quality, and, second, because they pro- 
vide the opportunity for postdoctoral fellows to obtain out- 
Standing training and expenence. 

The greatest accomplishment of the U.S. Immunology Board 
has been the participation of its members in the joint scientific 
meetings with the Japanese Immunology Board. Visitors who 
have attended one or more of these meetings without exception 
have remarked that they are among the very best meetings in 
the field of immunology held anywhere. The Immunology Board 
is attempting to meet periodically with an appropriate Panel in 
order to exchange information and ideas, thus benefitting both 
groups of scientists. In December 1987, the Immunology Board 
and the U.S.-Japan Virology Panel met jointly in Monterey, 
California. The next meeting will be held jointly with the new 
AIDS Panel in New Orleans in January 1990. 


PROJECTS SUPPORTED BY THE PROGRAM 


1. Organization, rearrangement, expression, and evolution 
of genes encoding molecules of immunological importance 
(e.g., immunoglobulins, T cell receptors, cytokines —. 

2. Characterization of cytokines, cytokine receptors, and 
studies on mechanisms of activity. 

3. Development and differentiation of lymphoid cells, con- 
trol of immunoglobulin synthesis, mechanisms of immuno- 
globulin isotype switching, and selective gene activation/ 
expression during ontogeny. 

4. Mechanisms of antigen processing and formation of im- 
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munogenic peptide conformers with appropriate Class I and 
Class II histocompatibility molecules. 

5. Mechanisms controlling the distribution, frequencies, 
differentiation pathways and destinies of hematopoietic pro- 
genitor cells. 

6. Analyses of events that control the genetic rearrange- 
ments, selective gene usage, and both positive and negative 
selection that affect immunopotent cells in the thymus and/or 
in the bone marrow. 
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Japanese Immunology Board 


BROAD GOALS 


In 1981. the Immunology Board was formed by the Joint 
Committee of the U.S.-Japan Cooperative Medical Science 
Program to study and elucidate cellular and molecular mech- 
anisms of the immune response and to define effective means 
to control the immune system. 

To achieve these objectives several areas of primary im- 
portance in immunological research which were to be carried 
out by the Board members were identified. They were: 


1. Molecular studies of the genetic organization of the 
lymphoid system. 

2. Cellular and molecular studies of lymphocyte activa- 
tion, proliferation and differentiation. 

3. Immunogenetic approaches to the study of lymphocyte 
interactions, with emphasis on the role of histocompatibility 
gene products in the regulation of the immune response. 

4. Cellular and molecular studies of the regulation of the 
immune response, with emphasis on diagnosis, therapy, and 
prevention of diseases involving disordered immune function 
or affected by the immune response. 

5. Application of techniques for the development of stable 
cell lines and of somatic cell hybrids to the study of the reg- 
ulation of lymphocyte activation and function and to the prep- 
aration of monoclonal antibodies, lymphocyte receptors, and 
both specific and non-specific lymphocyte products. 

6. Mechanisms to support the interaction of immunologists 
and the exchange of information and materials between the 
two countries. 


PROGRESS IN PRIORITY AREAS 


For the past 5 years following the initial period of 3 years, 
considerable progress has been made by members of Japanese 
Immunology Board in some of these areas such as molecular 
and functional studies on IL-6 and IL-2, structure and functions 
of human MHC (HLA) genes and molecules and mechanisms 
of regulation of immune system. 


Studies on the Activation, Proliferation, and 
Differentiation of Lymphocytes. 


Discovery of interleukin IL-6. molecular cloning of the IL-6 
receptor and immunobiological significance of the IL-6. 


Extensive studies have been carried out after the discovery 
of IL-6 as the B cell differentiation factor to elucidate its bi- 
ological functions and the possible role(s) in various diseases. 
The cDNA for IL-6 was cloned and studies with recombinant 
IL-6 demonstrated a wide variety of its functions against dif- 
ferent cells and tissues. The function of IL-6 includes: induction 
of antibody production of B cell differentiation factor. Indi- 
cation of cytotoxic T cells (CTL), activation of hematopoietic 
stem cell, induction of differentiation of myeloid leukemic cells 
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into macrophages. indication of rat pheochromocytoma cells 
into nerve cells and induction of major acute phase protems as 
a hepatocyte stimulating factor. 

To elucidate the mechanisms of multiple functions of IL-6. 
the cDNA coding for IL-6 receptor was cloned and its primary 
structure was determined. The amino acid sequence of IL-6 
receptor revealed that the receptor belongs to the immuno- 
globulin gene superfamily. Intracytoplasmic portion of the re- 
ceptor does not possess any unique structure for signal 
transduction and binding of IL-6 to its receptor tnggers asso- 
ciation of the second polypeptide (gp! 30) that may be involved 
in the signal transduction. 

It was of particular interests that IL-6 promotes the growth 
of myeloma/plasmacytoma cells. Myeoloma cells freshly iso- 
lated from bone marrows of such patients can utilize their own 
IL-6 for their growth. Thus, IL-6 appears to be an autocrine 
growth factor for human mycloma cells, suggesting the pos- 
sibility that deregulated expression of IL-6 in B lineage cells 
might be involved in oncogenesis of multiple myelomas. 


Studies on Physiological Functions of IL-2 by 
Using Transgenic Mice. 


Two strains of transgenic mice which carry the cDNA of 
either human IL-2 or the L chain of its receptor under the 
control of H-2K* promotor were constructed. The IL-2 trans- 
genic mice expressed human IL-2 mRNA in thymus, spleen. 
bone marrow, lung, muscle, and skin and IL-2 protein in their 
sera. The IL-2 transgenic mice suffered from alopecia and 
pneumonia and the immune responsiveness of their spleen cells 
to foreign antigens was markedly impaired, whereas their spleen 
cells responded well to polyclonal lymphocyte activators sug- 
gesting that constitutive expression of human IL-2 might have 
affected the repertoire formation of T cells in these mice. The 
IL-2 receptor (IL-2R) transgenic mice were apparently healthy. 

Crossing of IL-2 and IL-2R transgenic mice produced hybrid 
mice expressing both the ligand and the receptor constitutively. 
These hybrid mice had au unusual expansion of thy-1 + /CD3 
48 large granular lymphocytes with the elevated NK activity. 
The increase in number and activity of NK cells seems to be 
responsible for both the severe interstitial pneumonia and lym- 
phocyte depletion in the spleen. It was also found that selective 
loss of Purkinje cells in the cerebellum seen in these mice gave 
rise to their disturbed gait. All the transgenic mice died by 4 
weeks of age. 


Studies of Human Major Histocompatibility 
Complex (MHC) 


Structure and evolution of HLA-BS crossreacting group 
(CREG). 


Overall comparison of 40 HLA class | sequences has pre- 
dicted that the diversity of HLA specificities was formed by 
amino acid substitutions, which were generated more fre- 











quently by recombination events between alicies of the same 
locus than those between alleles of different loci. HLA-BS 
CREG includes B51. Bw52, Bw53 and B35 were suspected 
to have a limited polymorphism and to have evolved from a 
common ancestor. 

Genes coding for these BS CREG specificities were cloned 
and their primary structures were determined. Comparative 
studies on the amino acid sequences of BS! and Bw52 revealed 
that the sequence of HLA-BSi can be denved by the simple 
combination of a point mutation and an exchange event be- 
tween Bw52 and BS. 

HLA-B35 was shown to be identical to Bw58, except in the 
alpha | domain. The alpha | domain of B35, except Bw4/Bw6 
public epitopes-associated sequences, was identical to that of 
BS! that was hypothesized as an intermediate gene between 
BS! and BwS2. These data suggest that B35 has evolved from 
Bw58 by two steps: an in vivo replacement of the alpha | domain 
with BS! and genetic exchange of Bw4 with Bw6 genc. 

The sequence of HLA-Bw53 demonstrated that Bw53 and 
B35 differed only by the amino acids associated with the public 
Bw4/Bw6 epitopes. Thus, the sequence of Bw53 indicated that 
Bw53 is evolutionally located between Bw58 and B35. Taken 

studies on the BS CREG genes and molecules dem- 
onstrated that the diversity of these HLA class | molecules is 
formed by recombinational events in and around the exon 2 of 
the genes. It should also be noted that exchange of public 
sequences (Bw4/BwG) creates new private specificities. 

Specificities of these BS CREG molecules were originally 
identified by alloantisera. Cytotoxic T lymphocyte (CTL) clones 
discriminating these specificities were generated in repeated in 
vitro stimulation and subsequent cloning in the presence of 
riL2. These results demonstrated that T cells can also discrim- 
inate these closely related specificities at their clone level. 


Structure and expression of HLA-C “‘blank’’ genes 


Two genes (Cb-!1 and Cb-2) encoding HLA-C blank anti- 
gens, which were not detectable by alloantisera, were cloned 
and their primary structures were determined and compared 
with those of known C-locus genes. The similarity of amino 
acid sequence between Cb-| and Cw! was the highest: Five 
amino acid substitutions between these molecules were located 
on the Beta strands of alpha | and alpha 2 domains, suggesting 
that they might change the conformational determinants on the 
alpha helical region of Cwl. 

Cb-2 was the closest to Cw2.2. Six of nine amino acid 
substitutions between these molecules were found on alpha | 
and alpha 2 domains, where as three remaining substitutions 
were scattered on the leader peptide, alpha 3 domain and the 
transmembrane. Two substitutions (residues 73 and 163) of 
the alpha helical region of alpha | and alpha 2 domains and 
one (residue 16) on exposed loop may make a new allodeter- 
minant. Both gene products were stably expressed on the trans- 
fectants. These results suggested that the HLA-C blank antigens 
are most probably expressed on cells in C blank individuals 
but incapable of generating alloantibodies. 

Studies on Human Minor Histocompatibility Antigens. \t 
has been suspected for many years that rejection of some HLA 
identical organ grafts and GvH reaction following HLA iden- 
tical bone marrow grafts are due to disparity of human minor 
histocompatibility antigens (hmHAs). Thus, the biological im- 
portance of hmHAs in the fields of clinical transplantation has 
been well recognized. 


Generation of CTL clones against human minor 
histocompatbility antigens (hmHAs) 

CTL clones were generated from PBLs of a patient who had 
been grafted with the kidneys from his mother and two HLA 
identical sisters by repeated in vitro stimulation in the presence 
of r-IL2. Of 8 CTL clones produced, 4 clones recognized an 
hmHA (hmHA-1) expressed on the cells of mother and an 
HLA identical sister (2nd donor), two other clones recognized 
another antigen (hmHA-2) on the cells of father and another 
HLA identical sister (3rd donor), and the remaining 2 clones 
still another antigen (hmHA-3) on the cells of father and 2nd 
donor. 

Linkage of the hmHAs under investigation to HLA was 
excluded by the fact that these CTL clones were generated in 
response to the genotypically HLA identical cells and all these 
antigens segregated independently from HLA in the family. 
Studies of the hmHAs on panel cells indicated that polymorph- 
ism of the hmHAs is very limited. 

Presentation of hmHAs by HLA class | molecules to 
allospecific CTLs 

Studies of panel cells with known HLA phenotypes revealed 
that CTL ition of hmHA-1! was restricted by HLA-B35 
and those of hmHA-2 and hmHA-3 were restricted by HLA- 
B38. The CTL clones under investigation selected HLA-B35 
and B38 rather than other possible candidates, notably HLA- 
A2. This would indicate that restriction molecules for hmHA 
recognition are not necessarily limited to particular HLA spec- 
ificities such as HLA-A2 and B7 as previously claimed. 

The HLA-B35 restriction of the hmHA-! specific clones 
was further substantiated by the fact that these CTL clones 
killed HLA-B35 transfected Hmy2CIR cells, but not HLA- 
BS1. BwS2 or BwS3 transfected Hmy2CIR cells. These data 
demonstrated that the five amino acid substitutions on the alpha 
1 domain between HLA-B35 and Bw53, which were known 
to be associated with the public Bw4/Bw6 epitopes, play a 
crucial role in the binding of hmHA-1! to B35 molecules. The 
fact that the hmHA-1 specific CTLs failed to kill Hmy2CIR 
cells transfected with HLA-B35/B51 chimeric molecules com- 
posed of the alpha | domain of B35 and others of BS! indicated 
that 8 residues on the alpha 2 domain also affect the interaction 
of hmHA-! and the HLA-B35 molecules. 


Immunogenetic Studies on Regulation of the 
Immune System 


Genetic control of immune response in humans. 


Family studies and population analyses on immune response 
to the streptococcal cell well antigen demonstrated that low 
responsiveness to the antigen was inherited as an HLA-linked 
dominant trait and its effect(s) was exerted via induction of 
CD8+ suppressor T cells. The gene responsible for the 
suppression was designated as an immune suppression gene. 
This gene was shown to be in a strong linkage disequilibrium 
with particular alleles of HLA-DR and DQ loci. 

The association between low responsiveness mediated by 
CD8 + suppressor T cells and particular HLA-DR and DQ 
alleles was also observed on the immune response to schis- 
tosomal antigen, M. leprae antigen, tetanus toxoid, crypto- 
meria pollen antigen and hepatitis B virus surface antigen. 
These results suggest that low responsiveness to these antigens 











was also controlled by immune suppression genes. Anti-HLA- 
DR monoclonal antibodies (MoAbs) but not anti-DQ-MoAbs 
inhibited the immunc responses of high responders to these 
antigens in viiro. On the other hand, anti-HLA-DQ MoAbs 
restored the immune responses of low responders to these an- 
tigens. Therefore, 1s suggested that under the experimental 
conditions HLA-DR upregulates and HLA-DQ down regulates 
the immune responses to the antigens. Thus. the immunc 
suppression gene under investigation may well be a particular 
alleles) of the HLA-DQ loculs and HLA-DQ might be epistatic 
to HLA-DA in the regulation of immune responses in man. 


Biochemical and functional characterization of 1-J 
polypeptide with reference to immunosuppression. 

I-J has been an enigmatic molecule on T cells which un- 
dergoes a systematic somatic alicration according to the en- 
vironmental MHC during ontogeny of the T cells as demonstrated 
in radiation bone marrow chimeras and class Il gene transgenic 
mice. Thus, I-J is not a direct product of an MHC gene as 
originally thought, but is an adaptive molecule to a self MHC 
polymorphism, and it is most likely a receptor-like molecule 
for self. To study the molecular nature of I-J, a series of IL- 
2 dependent T cell clones from different haplotype origins 
They were either helper (Th) or suppressor (Ts) clones with 
different MHC restriction specificities and mostly CD4+ Th 
and Ts clones, except for a few CD8 + Ts clones. Ts subtype 
was defined by its inability to produce both IL-2 and IL-4, 
lack of helper activity for B cells, and by its strong inhibitory 
activity for the antibody response of MHC-matched T and B 
cells. 

Many of the H-2*-restricted clones were found to be positive 
for the staining with MoAb to I-J" epitope. Both 1-Ah and 1- 
E*-restricted clones derived from different origins, including 
H-2", H-2* chimeras expressed the same LJ‘ epitope. The 1-J 
molecule was not co-modulated with TcR/CD3 complex. 

By immunoprecipitation and subsequent one- or two-di- 
mensional gel analyses of the lysate of these T cell clones, I- 
J molecule was found to be a novel dimeric surface molecule 
of MW 86.000 composed of 43,000 glycopeptide subunits 
differing from TcR heterodimer, MHC class 11 antigen, and 
previously known dimeric proteins of T cells, A monomeric 
form also exists on some T cell clones. Protein sequencing and 
Gene cloning approaches are now underway. 

The I-J polypeptide seems to play an important role in the 
regulation of early signal transduction in T cells after antigen- 
recognition. When T cell clones with the I-J* epitope were 
pretreated with the MoAb to I-J*, the Ca* * influx induced by 
a subsequent stimulation with antigen-pulsed antigen-present- 
ing cell was greatly inhibited. The Ca* * response induced by 
anti-TcR heterodimer but by anti-CD3 or Con A was similarly 
inhibited by the anti-I-J. The ligation of I-J molecules by intact 
antibody but not by Fab was required for the initiation of 
suppression. The inhibition pattern of Ca* * influx was very 
similar to that observed in Th clones preincubated with Ts 
clones. These results indicate that the negative signal from 
I-J receptor nay inhibit the expansion of self MHC-reactive T 
cells both in ontogeny and in periphery. 





SIGNIFICANT ACCOMPLISHMENTS 


The Biology of Interleukin 6 


Intericukin 6 (IL-6) was orginally identified as a T cell 
derived lymphokine, which induced the final differentiation of 
B cell differentiation factor (BCDFP or B cell stimulatory factor 
2 (BSF2). The cDNA for IL-6 was cloned im 1986. Studies 
done with recombinant IL-6 demonstrated that the function of 
IL-6 was not restricted to B lincage cells but showed a wide 
variety of biological functions on various tissues and cells i) 
induction of antibody production in B cells as B cell differ- 
entiation factor, ii) induction of cytotoxic T cells as cytotoxic 
T cell differentiation factor, iii) activation of 
stem cells as multicolony stimulating factor, iv) induction of 
differentiation of mycloid leukemia cells into macrophages, V) 
induction of differentiation of rat pheochromocytoma cells (PC 12) 
into nerve cells and vi) induction of major acute phase proteins 


as hempatocyte stimulating factor. Since antibody response. 


results suggest that IL-6 may play a central role in host defense 
mechanisms. 

One of the interesting activities of IL-6 is the growth stim- 
ulation of mycloma/plasmacytoma cells. The studies with mye- 
loma cells freshly isolated from bone marrows of mycloma 
patients demonstrated that IL-6 was an autocrine growth factor 
for human myeloma cells, and suggested that the deregulated 
expression of IL-6 in B lineage cells might be responsible for 
oncogenesis of human multiple myclomas. This was further 
confirmed by the preparation of transgenic mice using human 
IL-6 gene conjugated with the immunoglobulin enhancer (Ew). 

IL-6 provides multiple signals through IL-6 receptors, growth 
stimulation, growth inhibition and induction of differentiation 
or the specific gene expression. In order to know the molecular 
mechanisms how one cytokine provides such multiple signals, 
the molecular structure of the receptor should be revealed. The 
cDNA encoding the IL-6 receptor was also cloned by our group 
in 1988. The amino acid sequence of IL-6 receptor demon- 
strated that the receptor belonged to the immunoglobulin gene 
superfamily. Intracytoplasmic portion of the receptor does not 
have any unique structure for signal transduction, such as ty- 
rosine kinase domain. Interestingly, binding of IL-6 with IL- 
6 receptor triggered the association of the second polypeptide 
chain (gp130), which may be involved for the signal trans- 
duction. 

As summarized here, essential parts of the studies on IL-6 
have been: discovery of IL-6 as B cell differentiation factor; 
molecular cloning of the IL-6 receptor; and the relationship 
between IL-6 and various diseases. 


Studies on Ph Functions of 
Interleukin-2 by using Transgenic Mice 


We constructed two strains of transgenic mice that carry the 
cDNA of cither human interleukin-2(1L-2) or the L chain of 
its receptor under the control of the H-2K° promoter. The IL- 
2 transgenic mice expressed human IL-2mRNA in the thymus, 
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granular lymphocytes (LGL) and bore the elevated 
killer (NK) activity. The T-cell receptor genes of the 


were in unrearranged configurations. Taking these facts 
. we concluded that the abnormally expanded LGL in 
mice were classical NK cells of non-T-cell lineage. 
majonity of infiltrating lymphocytes im the lung of the 
mice were also shown to be the expanded NK cells. 
Surprisingly, the hybrid mice had no expansion of T cells. This 
may reflect the different signal-transducing pathways of the 
IL-2/IL-2R system in T cells and NK cells. The hybrid mice 
showed neither typical autoimmune reactions nor T cell ma- 
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FUTURE GOALS 


nae ge ee IL- 
, IL-5 and IL-6 im various diseases such as autoimmune 


PROJECTS SUPPORTED BY THE PROGRAM 


Investigator and Institution 


Kyoichi Kano 
University of Tokyo 


Tadamitsu Kishimoto 
Osaka University, Osaka 


Takehiko Saszuki 
Kyushu University, Fukuoka 


Tomio Tada 
University of Tokyo, Tokyo 


Title 
Organization and rearrangement of immunoglobulin genes. 
Molecular cloning and expression of cytokine genes. 
Immunological studies on autoimmune diseases. 
Structural analysis of human minor histocompatibility 
antigens. 
Cellular and molecular studies of B cell growth and 
differentiation. 
Molecular analysis of biological functions of interleukin 6. 
Analysis of HLA system in the regulation of human immune 
response. 
Studies on the circuits of immune suppression. 
Mechanisms of immune suppression. 
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Joint Scientific Conferences 


IMMUNOLOGY BOARDS 


Date: Saly 20-23, 1986 
Place: Toyama City. Japan 


Summary: The fifth mecting of the Boards featured sessions 
concemed with (a) ontogeny. activation and differentiation of 


B lymphocytes, (b) regulation of T cell responses. and ic) 
autommmunity and tumor mmmunology. There were 19 scacntific 
lectures presented by 11 speakers from Japan and 8 speakers 
from the United States. The meeting was well attended. more 
than 100 persons from Japan and the United States were mm the 
audience. 


Date: December 1-4, 1987 
Place: Monterey. California 


Summary: The highlight of this mecting was a |-day joint 
scientific program with the U.S. Japan Virology Panel. The 
title of that program was “ of Virus Infec- 
tions”’ and featured four speakers cach from Japan and the 
United States. In addition, 2 days were devoted to a separate 


mecting of the Board. The scocntific presentatioms were or- 
gamed around four topacs. (a) omogeny and diffcrentizhon of 
the mmmune system, (b) ummunoregulatory mechan. fac- 
tors and molecules. ic) genctxc controls and molecular ap- 
proaches to ummune system dysfunchons. and (d) mmmunologic 
dysfunctions and disease Many postdoctoral fcllows and yumor 
faculty from the western United States attended the mectung 


Date: December 1-3, 1988 


Kyoto, Japan 


Summary: This was an outstanding scxntifx mecting that 
included top immunologrsts from the United States and Japan 
as speakers. In addition to scientific lectures from cach of the 
Unmned States and Japanese Board Members. there were 6 bec - 
tures by invited speakers from the Unnted States and § lectures 
by mvited participants from Japan. The presentations were 
orgamzed around the following topics. (a) gene regulation. (b) 


development, ic) MHC and surface antigens. id) T cell recep- 
tors, and (c) transgenic and SCID mouse. There was a large 


audience (in cxcess of 100) and the discussions were lively 
and productive 


Place. 
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Former Members 


Dr. Thomas M_ Buchanan (1980-1987) 
Professor of Medicine and Pathobiology 
Immunology Research Laboratory 
Pacific Medscal Center 

1200-12th Avenuc South 

Scattlc. Washengton 9R114 


Dr. Zanvil Cohn (1983-1988) 
Professor and Scmor Physician 
Rockefeller University 

1230 York Avenuc 

New York. New York 100271 


Dr. Robert Hastings. Chairman (1980-1987, Member 1977-87} 
Chic, Laboratory Research Branch 
U.S.P.H.S. Hospital 


Carville. Loursiana 70721 


a 


Former Members 


Dr. Masahide Abe (Member 1970-1980. Chairman 1980-1987) 
Board of Directors 
Sasakawa Medica! Health Foundation 


Dr. Takehisa Akiyama (1981-1984) 
Professor 

Department of Microbiology 
Kitasato University 

School of Medicine 

1-15-1, Kitasato, Sagamshara-shi 


Kanagawa Prefecture 228. Japan 


Dr. Tonetaro Ito (1974-1987) 

“card of Directors 

Sasakawa Medical Health Foundation 

Senor Consultant to Department of Communicable Diseases 
Control. Thailand 


Sasakawa Medical Health Foundation representative to Thailand 





Dr. Yoshiyasu Matuso (1982-1985) 
Board of Directors 
Sasakawa Medical Health Foundation 


Profiles 


U.S. LEPROSY PANEL 


Dr. Patrick J. Brennan 
Chairman (1986-— ) 


Dr. Brennan received his Ph.D. degree from Trinity College, Dublin, Ireland in 
1965. He has been actively engaged in research on the composition and metabolism 
of mycobacteria for many years and has been investigating the structure of type 
specific antigens and lipids of various mycobacterial species. Dr. Brennan routinely 
purifies leprosy bacilli from infected armadillo tissues and has isolated and char- 
acterized Mycobacterium leprae lipid antigens from purified cells and infected 
tissue. He is on the Editorial Board of the Journal of Bacteriology and has partic- 
ipated in many Joint U.S.-Japan Leprosy-Tuberculosis Conferences. Presently Dr 
Brennan is a professor in the Department of Microbiology, Colorado State Uni- 
versity. He has been chairman of the U.S. Leprosy Panel since 1986 
























Dr. Robert Hastings 
Chairman (1981—1985) 





Dr. Hastings received his M.D. in 1962 from the University of Tennessee, College 
of Medicine, Memphis, and his Ph.D. in Pharmacology from Tulane University 
School of Medicine, in 1971. He has served on the U.S. Leprosy Panel as a member 
from 1977-1981, and as chairman from 1981-1986. Since 1964, he has been 
Chief, Laboratory Research Branch, and Chief, Pharmacology Research Department 
at the Gillis W. Long Hansen's Disease Center in Carville, LA. He was editor of 
the International Journal of Leprosy and served as a consultant for WHO an other 
organizations. Dr. Hastings ts responsible for the manufacture, encapsulation, qual- 
ity control, distribution and reporting on leprosy paticnts receiving the drug thalid- 
omide in the U.S. and Canada. He has held appointments at the Tulane Medical 
Center and the Louisiana State University. Dr. Hastings has published extensively 
and edited the textbook Leprosy. His major research interests are thalidomide, 
leprosy, immunopharmacology. and chemotherapy of infectious diseases 














JAPANESE LEPROSY PANEL 





Dr. Charles C. Shepard 
Chairman (1965—1977) 


Dr. Shepard was Chief of the Leprosy Section at the Centers for Disease Control 
(CDC) for more than 30 years and was in the Public Health Service for 44 years 
including working at the NIH from 1941 to 1948, the Biochemistry Institute, 
Uppsala, Sweden, 1948 to 1949 and the NIH Rocky Mountain Laboratory from 
1951 through 1953. He joined CDC in 1953 and early on was primarily involved 
in research on rickettsial diseases. Prior to 1981, he was responsible for both leprosy 
and rickettsial disease research at the CDC, but after that was totally involved in 
work on leprosy. He is perhaps best known for his discovery of the ability of the 
leprosy bacillus, which had evaded all previous attempts at cultivation in the lab- 
oratory, to grow in the cooler tissues of the footpads of mice. This was a singularly 
important discovery which has greatly advanced research on the chemotherapy and 
immunology of leprosy. Dr. Shepard was chairman of the U.S. Leprosy Panel from 
1965 to 1977. Dr. Shepard died in 1985. 


Dr. Tatsuo Mori 
Chairman (1988—Present) 


Since Dr. Mori graduated from the School of Medicine at Osaka University, he 
has devoted himself to the study of leprosy in the Research Institute for Microbial 
Diseases, Osaka University. Two years ago he was appointed fifth president of the 
National Institute for Leprosy Research. 

Dr. Mori was famous for the study of biochemical studies in murine leprosy and 
leprosy bacillus (Sakurane Award), following experimental cultivation of murine 
leprosy bacillus, inoculation of leprosy bacillus into the nude mouse (Sakurane 
Award), improvement of the collection method of leprosy bacillus and development 
of a new infection theory of leprosy all done in the Research Institute for Microbial 
Diseases. He accomplished many splendid results to contribute to the superb tra- 
dition of the Department of Leprology in the Research Institute for Microbial 
Diseases, Osaka University 

Dr. Mori was appointed the fifth president of the National Institute for Leprosy 
Research, and the additional post of the fourth Chairman of the Japan-U.S. Co- 
operative Medical Science Program and Editor of the Japanese Journal of Leprosy. 
The new research building which was long a desire of all researchers in this Institute 
was constructed and an increased commitment to accept students from Southeast 
Asia complimented his becoming Director 
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Dr. Masahide Abe 
Chairman (1980-1987) 


Since Dr. Abe graduated from the School of Medicine at Tokyo University, he 
devoted his life exclusively to research in serology. He managed the serology 
laboratory of the National Institute for Leprosy Research from the time of its 
founding, after leaving the Department of Serology of Tokyo University where he 
worked with Professor Ogata 

After establishing the method of fluorescent immunoassay for the patients’ serum 
reaction, he applied the technique to the high-risk groups of familial infection 
including uninfected children, promoting this new prophylactic treatment. Based 
upon this achievement, he received the Sakurane Prize, a reward from the Japan 
Leprosy Society. At the same time, he received the Hideo Noguchi Prize for his 
long-term work on the leprosy serum reaction. Dr. Abe assumed office as the fourth 
president of the National Institute for Leprosy Research, and in addition, was the 
Japanese representative of the Experts’ Subcommittee of the Japan-U.S. Cooperative 
Medical Science Program. As such, he carried out this serious and arduous task 
for a long period of time in concert with Drs. Hastings and Brennan 


Dr. Yoshio Yoshie 


Chairman 


Dr. Yoshie took the elite step of entering the School of Medicine of Tokyo 
University after completion of the Third Higher School, before becoming a physician 
in otolaryngology. He then investigated areas concerning Hansen's disease, became 
a medical officer in the National Leprosarium Tama Zenshoen, and took office as 
the second president of the National Institute for Leprosy Research. His subsequent 
history included his long-term activities, in concert with those of Dr. Shepard, as 
the Japanese representative of the Leprosy Panel, Experts’ Subcommittee of the 
U.S.-Japan Medical Science Cooperation Program from the time of its founding 
Meanwhile, he devoted himself to the cultivation of the causal bacterium for leprosy, 
finally succeeding in several-fold proliferation of this microorganism. Regrettably, 
however, there was no method of inoculating animals at that time to confirm the 
viability of the microorganism. He afterwards received the Damian Datton Prize 
for his work. Last year, the then-87-year-old doctor presented himself in quite a 
good state of health, at the celebration of the completion of the new laboratories 
building at the National Institute for Leprosy Research. The Japanese leprosy re- 
search community is happy that Dr. Yoshie still follows the research activities of 
the leprosy field 














Dr. Masashi Nanba 


Chairman 


Spiritually based on the principle of equality in human nights and humanity, Dr 
Nanba came to admire Dr. Mitsuda, which resulted in his life being wholly dedicated 
to the studies in the field of Hansen's disease. He has been a pathologist who 
willingly resigned his life to the treatment of patients with this disease. Dr. Nanba 
liked drinking, talking to young researchers, and insisting that those who study 
fundamental medicine should first see patients with leprosy. He became the third 
president of the National Institute for Leprosy Research, succeeding Dr. Yoshie, 
and at the same time, worked for a long period as the second Japanese representative 
of the Leprosy Panel Experts’ Subcommittee of Japan-U.S. Cooperative Medical 
Science Program. At the celebration of the completion of the new laboratory building 
at the National Institute for Leprosy Research held last year, Dr. Nanba, at the age 
of 79, appeared to be in good health. He is still active in the field of medicine 
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GUIDELINES 


LEPROSY PANELS 
United States-Japan Cooperative 
Medical Science Program 


All areas of leprosy research are relevant, but the following 
are of special interest and importance from the present-day 
perspective: 


1. Further definition of the immuncgens of the leprosy 
bacillus; development of recombinant DNA vectors for the 
production of defined antigens; development of procedures for 
the purification of recombinant antigens and for the synthesis 
of their antigenic domains. 

2. Identification of individual T- and B-cell epitopes on 
M. leprae antigens; study of the issue of their gentic restriction; 
explore the question of segregation of epitopes toward T-cell 
subsets on defined antigens. 

3. Characterization of the cell wall components of M. le- 
prae with a view to isolation and differentation of suppression- 
inducing and helper/protection epitopes. 

4. Further exploration of the genome and metabolism of 
M. leprae with a view to mapping genes of interest, to isolating 





genes that control synthesis of complex cell wall glycoconju- 
gates, and to allowing transfer of genes in order to construct, 
ultimately, through gene manipulation, whole cell or subunit 
vaccines. By a greater understanding of the metabolism of M. 
leprae, tt may be possible to devise an appropriate culture 
medium and return again to the long-time goal of the growth 
of M. leprae. 

5. Development of assays, based on antibody or antigen 
detection or recognition of nucleic acid fragments, suitable for 
the diagnosis of paucibacillary leprosy. 

6. Continuing expansion of the variety and supplies of 
monoclonal antibodies, recombinant DNA vectors, T-cell clones, 
and natural antigens, for the fostering of cooperative research. 

7. Continuation of animal model and human studies on the 
modulation of host response to innovative chemotherapy , nat- 
ural recombinant antigens, adjuvants, and lymphokines. 

8. Continuation of efforts using animal models to explore 
the efficacy of pure antigens/epitopes in conferring protective 
immunity. 











U.S. Leprosy Panel 


BROAD GOALS 


Leprosy, or Hansen's Disease, continues to be a major en- 
demic disease in most countries of Asia, Africa, and Latin 
America. However, it is difficult to estimate the approximate 
number of cases of leprosy in such areas. Case diagnosis and 
definition are not always clear or consistent, and the enumer- 
ation of cases in many regions is incomplete or irregular. 
Nevertheless, estimates ex from available data from 
time to time, for 1966 and 1976 were 10.8 and 10.6 million 
cases, respectively. Prevalence is currently estimated at 10- 
12 million cases. Approximately | .6 billion people live in areas 
where the estimated prevalence is over | case per | O00 per- 
sons, and thus this vast population may be considered at risk. 

Information on leprosy cases registered for treatments is 
much more reliable than information on estimated cases, as it 
is based on actual records. There has been a steady increase 
in the number of registered cases over the past 20 years: 2,831,775 
for 1966; 3,599,949 for 1976; and 5,368,202 for 1985; the 
latter figure represents an increase of 49.1% over 1976 and 
89.6% over 1966. The prevalence rates of registered cases have 
correspondingly increased from 0.84 cases per | 000 popula- 
tion in 1966 to 0.88 in 1976, and 1.2 in 1985. Although only 
a proportion of estimated cases ever get registered for treat- 
ment, the information on registered cases reflects to a large 
extent the global leprosy situation. 

Southeast Asia, of direct concern to the Japanese Leprosy 
Panel, contributes the largest share of registered cases in the 
world, and it has shown a dramatic increase over the past two 
decades, from 790,85! in 1966, to 1,748,468 in 1976, to 
3,737,157 im 1985. On the other hand, Africa has shown a 
steady but modest decline in the number of registered cases 
over the years, from | .685,526 in 1966, to 1,398,220 in 1976, 
to 987,607 in 1985. In the region of the Western Pacific, 
contiguous to Japan, the figures indicate a slight increase for 
1976 (128,325 regisicred cases) and a marked increase for 1985 
(245,753 registered cases). 

The Americas, of direct import to workers in the United 
States, has shown a steady increase in the numbers of registered 
cases, from 177,813 in 1966 to 241,248 in 1976 to 305,999 
in 1985. It is clear that the largest proportion of this increase 
is contributed by Brazil. The magnitude of the present-day 
problem of leprosy in Brazil is only now being fully realized 
by research workers and international agencies. As of the end 
of 1987, Brazilian Government personnel indicated that there 
were 239,328 cases in active registration which means a na- 
tional prevalence rate of 1.7 per 1,000, among the highest in 
the world; in the States of Acre and Amazonas, rates of 11.2 
and 12.9 per 1,000 have been recorded. Also, leprosy is an 
urban problem in Brazil. For instance, Sao Paulo City has 
10,822,614 inhabitants, making it the largest city in South 
America, and Sao Paulo State has a population of 31,501,514 
people. In 1987, leprosy prevalence in Sao Paulo State was 
12.6 per 1,000, and the detection of new cases reached 8.95 


per 100,000; in Sao Paulo City, the prevalence figure was 8.3 
per 1,000 persons and the absolute number of cases was 12,992. 
Yet all of these figures represent registered cases, the extent 
of the real problem in the States of Acre and Amazonas, for 
instance, is unknown. 

In a thoughtful analysis of trends in the worldwide occur- 
rence of leprosy, Dr. M. F. Lechat et al. (Wid. Hith. Statist. 
Quart. 39:129-—137, 1986) pointed out that most countries where 
leprosy is endemic do not have an adequate health information 
system to record new cases (i.c., incidence) on a continuous 
basis and rely on prevalence data, in themselves often ques- 
tionable. Accordingly, *‘the only data available at present relate 
to incidence of manifest disease, and we have no idea of the 
extent of transmission of infection, or of the probability of 
transition from infection to manifest disease.’’ These authors 
conclude that *‘the development of immunological tests for the 
detection of leprosy infection is of vital importance if our 
knowledge of the epidemiology of leprosy is to be improved.”" 

At the beginning of this quinquennium and, indeed, earlier 
in the life of the U.S.-Japan Cooperative Program, the major 
problems confronting leprosy research workers were defined 
as follows: (a) the inability to cultivate the causative organism, 
Mycobacterium leprae, (b) an uncertain proportion of strains 
of M. leprae which had developed resistance to one or more 
of the first line anti-leprosy drugs; (c) the persisting social 
stigma of the disease; (d) the characteristic peripheral neuro- 
pathy of the disease with secondary crippling; and (e) the fact 
that leprosy occurs predominantly in developing countries, many 
of them lacking the necessary resources to implement standard 
protocols for leprosy control. 

Since many of these problems relate to social, economic, 
and public health issues, the leprosy research community in 
developed countries, including the U.S., Japan and European 
countries, have tended to focus on research aimed at providing 
improved methods for leprosy control. Accordingly, in the 
early years of the life of the U.S.-Japan Cooperative Program 
in Leprosy, the major goals and guidelines of the U.S. Leprosy 
Panel were: cultivation or growth of M. leprae in vitro, animal 
transmission and experimental systems for growth of M. le- 
prae, evaluation of chemotherapeutic drugs against leprosy; 
development of chemoprophylaxis and minimal effective blood 
and tissue levels of drugs; vaccine development; and eluci- 
dation of antigens similar to lepromin and development of the 
mechanism of lepromin reactions. 


PROGRESS IN PRIORITY AREAS 


When the ultimate history of leprosy shall be written, the 
past 5 years will surely be marked as the period in which 
researchers finally solved the age-old nemesis of the noncul- 
tivability of Mycobacterium leprae, not by cultivation per se 
but by reproducing its proteins by recombinant means, by ma- 
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nipulating its genome and inserting it into cultivable myco- 
bacteria, by elucidating the structure of secondary gene products 
through use of contemporary chemical tools, and by demon- 
strating that, although the bacillus would not replicate in vitro, 
it could metabolize, and that this property could be exploited 
in such a way that true binary fission of the bacillus was not 
necessary. Thus, the past quinquennium of the U.S.- Japan 
Joint Leprosy Panels has witnessed truly spectacular progress. 

For example, the identification of the genes responsible for 
the synthesis of most of the immunogenic proteins of M. leprae. 
the cloning of these proteins, the reproduction of large quan- 
tities of the recombinant products, and the subcellular location 
of many of these proteins within the leprosy bacillus have been 
achieved. Together with these developments has come near 
spectacular progress in the cloning of T cells of the helper and 
suppressor phenotype, the recognition that aberrant T cells with 
the 5 heterodimer are preponderant in leprosy lesions, and the 
use of recombinant proteins and synthetic peptides to map 
relevant T cell epitopes. Thus, the possibility of identifying 
the important immunogenic peptides involved in T cell-me- 
diated protective immunity is now at hand, and with it the 
concept of a subunit vaccine is much more realistic 

Also, the use of recombinant libraries of M. leprae and 
appropriate murine monoclonal antibodies resulted in recog- 
nition of several highly conserved, heat-shock proteins in M 
leprae with intriguing insinuations that some of the immuno- 
pathological response in leprosy may be to highly conserved 
ubiquitous self proteins. 
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Diagram of the cell wall of Mycobacterium leprae. 


Most of the secondary gene products of M. leprae were also 
fully identified and their role in immunopathogenesis explored. 
Thus, lipoarabinomannan, by inhibiting activation of macro- 
phages, and phenolic glycolipid | by scavenging oxygen rad- 
icals, may abet the incluctable replication of M. leprae within 
macrophages. Much of the highly immunogenic , massive my- 
colylarabinogalactan peptidoglycan-protein complex has been 
defined, and the existence of a true lipid barrier in the cell 
walls of M. leprae regressive toward the permeation of anti- 
metabolites, was recognized. Thus, at last, a rational approach 
toward the development of anti-leprotics is feasible. This in- 
formation has led to the formulation of at least a chemical 
model of the cell wall of M. leprae (Figure above). 

During the quingquennium, detailed exploration of the M 
leprae genome was initiated, revealing a universal degree of 
sequence conservation among isolates from diverse geograph- 
ical regions and biological sources and also the presence of a 
unique 470 base pair repetitive sequence. This and other seg- 
ments of the genome are currently being exploited through the 
polymerase chain reaction for the sensitive detection of M 
leprae in biological specimens. Heady progress, unforeseen in 
the previous quinguennium, has been made in the construction 
of recombinant, temperate shuttle plasmid vectors for the trans- 
fer and the stable expression of M. leprae genes in such as 
BCG vaccine strains. Thus, the dream of a recombinant leprosy 
vaccine is nearer to reality. 

An accomplishment of much significance, not least vis-a 
vis the older goal of in vitro cultivation of M. leprae, was the 
demonstration that the metabolic capability of M. leprae can 








be maintained for long penods and exploited in fundamental 
and applied ways, even though bacterial mass remains sta- 
tionary. 

The impressive effects of administration of recombinant lym- 
phokines in reconstituting local cell-mediated immunity may 
open up innovative immunotherapeutic regimens. 

While the strength of the U.S.-Japan Cooperative Program 
in Leprosy ts at a fundamental research level, participants in 
the Program also continue to contribute to the worldwide suc- 
cess of multiple drug chemotherapy in the control of leprosy 


by developing new regimens, such as minocyline and the fluor- 
oquinolones, and new animal models for the testing of these 


regimens and the new putative vaccines, both recombinant and 


native M. leprae products. 

The start of the quinquennium saw intensive cooperation 
between U.S. and Japanese participants, particularly in defin- 
ing the chemical details of the phenolic glycolipids, in syn- 
thesizing neoantigens based on the phenolic glycolipid |, and 
in their implementation in serological assay for the diagnosis 
of leprosy in the Western Pacific Region. The last few years 
have again seen a marvelous resurgence in Cooperative exer- 
Cises with joint projects on protein definition and cloning, with 
the exchange of researchers and with the joint convening and 
management of conferences. 


SIGNIFICANT ACCOMPLISHMENTS 


Success in the accomplishment of many of the carlier goals 
was brought about largely through the intercession of the U_S.- 
Japan Cooperative Program and other international programs. 
For instance, the earlier lessons derived from rodent models 
on the use of multiple drug regimens were extended to vast 
human populations such that it is now reckoned that over 80% 
of the leprosy patients of India will be under multiple drug 
therapy by the turn of the century, and drug resistance is ap- 
parently no longer a serious problem. The advent and then the 

widespread implementation of the mouse footpad model now 
allows the careful monitoring of drug resistance and the testing 
of new anti-leprotics. In addition, the availability of the ar- 
madillo model of lepromatous leprosy and a facile protocol for 
M. leprae isolation allowed the initiation of first generation 
candidate vaccine trials involving killed M. leprae and live 
BCG, in Venezuela, Malawi, and recently in India. Also, the 
provision of unprecedented numbers of M. leprae through the 
armadillo attracted to the field new generations of investiga- 
tors—biochemists, chemists, microbial geneticists, notably from 
the United States, Japan, Europe, India, Mexico, Brazil, and 
India—leading to spectacular developments in the antigenic 
and chemical definition of the bacillus, in the production of a 
large slate of murine monoclonal antibodies and in isolation 
of the genome of M. leprae in intact form. A most significant 
development during this phase of the 25-year history of the 
Program was the finding of large quantities of a unique gly- 
colipid antigen in M. leprae endowed with its own M. leprae- 
specific trisaccharide moiety. A consortium of U.S. and Jap- 
anese workers in the carly 1980's were able to fully characterize 
this triglycosy! unit, to chemically synthesize it, and produce 
unlimited quantities of neoantigens suitable for the diagnosis 
of lepromatous leprosy and the monitoring of aspects of the 
disease. 





Precise molecular definition of the protein antigens of M. 
leprae began also in the carly 1980's with the development of 
relevant monoclonal antibodies. In a WHO-sponsored, collab- 
orative study involving U.S.. Japanese, and European re- 
searchers, a panel of M. leprae-specific monoclonal antibodies 
were used in Western blots to delineate six distinct protein 
antigens in disrupted M. leprae. These are generally referred 
to by their apparent molecular weights, as judged by sodium 
dodecyl! sulfate-polyacrylamide gel clectrophoreses, as the 70 
kD, 65 kD, 35 kD, 28 kD, 18 kD, and 12 kD proteins. The 
limited number of protein antigens identified by monoclonal 
antibodies and the frequency with which the same antigens 
have been detected by antibodies from different laboratones 
has led to the suggestion that these are the immunodominant 
protein antigens of M. leprae. The most spectacular use of 
these antibodies has been to screen the lambda gt!! M. leprae 
recombinant DNA expression library resulting in the isolation 
of clones expressing the 12, 18, 28, 36, 65, and 70 kD proteins. 
In addition, efficient recombinant DNA strategies were de- 
signed to deduce the amino acid sequences that comprise spe- 
cific antigen determinants in such proteins. This approach was 
best used to define antibody epitopes encoded within the gene 
for the 65 kD protein antigen of M. leprae. synthetic peptides 
and monoclonal antibody inhibition assays were used to the 
same effect. In all, about 12 antigenic determinants reacting 
with monocional antibodies and approximately 6 which react 
with human T-cell clones were recognized on the 65 kD poly- 
peptide. The amino acid sequence of the 65 kD protein of M. 
leprae showed 95% homology with its M. tuberculosis coun- 
terpart, and, of course, it is now recognized that these belong 
to the family of ubiquitous, highly conserved heat-shock or 
stress proteins with implications well beyond leprosy. The 
complete gene of the 18 kD protein was also isolated and 
sequenced and the protein expressed in E. coli and a yeast 
expression system, and a high proportion of M. leprae-specific 
T-cell clones from donors immunized with a killed M. leprae 
vaccine recognize this protein. 

During this period, starting in the carly 1980's, with the 
isolation of intact DNA, the genome of M. leprae began to 
also receive considerable attention. Not only were genes for 
many of the soluble, immunogenic proteins identified, cloned 
and expressed, but also so were genes for known metabolic 
functions. The powerful tool of restriction fragment length 
polymorphism was used to examine the degree of conservation 
of nucleotide sequence within the chromosomal DNA from M. 
leprae obtained throughout the biosphere, it emerged that the 
genome of M. leprae is remarkably stable and conserved. In 
near revolutionary developments, one laboratory reported on 
the successful development of a variety of shuttle vectors that 
in the future will allow the cloning of large fragments of DNA 
into cultivable mycobacteria and the stable integration and 
expression of such DNA. 

Our understanding of the T-cell response in leprosy also 
received, a considerable boost during the period of the late 
1970's and early 1980's. M. leprae-reactive CD3* CD4° CD8 
proliferative T-cell clones were isolated from healthy, but M. 
leprae-exposed, individuals. These clones reacted with epi- 
topes within the 65 kD heat-shock protein as well as the 35- 
36 kD and the 18 kD proteins and the recognition of these 
showed MHC restriction. Thus, polypeptide segments within 











those or other proteins may be capable of inducing protective 
immunity in vaccinated or exposed individuals. 

A continuing area of research under the Program, almost 
since its outset, has been the issue of T cell unresponsiveness 
in lepromatous leprosy and the question of the role of sup- 
pressor T cells therein. In the realization that T cells from 
lepromatous patients fail to produce adequate amounts of lym- 
phokines and fail to be activated, the issue of whether an 
effective cell-mediated immune response could be generated 
in lepromatous individuals by the local injection of PPD was 
examined. In a rather dramatic fashion, a mere 5 u of PPD 
resulted in a long-lived, cell-mediated immune response, re- 
sulting in the destruction of parasitized macrophages and re- 
duction of viable M. leprae, following an influx of T cell 
subsets, monocytes, and Langerhans cells into the site of in- 
oculation. . it was also demonstrated that injection 
of recombinant IL-2 and other lymphokines leads to the local 
emigration of helper T cells and monocytes, pointing to a 
potential means of tissue i 

The basis of the failure of the macrophage to kill M. leprae 
in the lepromatous form of leprosy was also the subject of 
intense ¢xamination during this penod. It was established that 
macrophages heavily laden with M. leprae are markedly de- 
fective in a variety of afferent and efferent effector functions. 
Notably, such granuloma macrophages are refractory to gamma- 
interferon-induced activation, as demonstrated by markedly 
reduced microbicidal function, cytotoxicity for tumor cells, 
superoxide production, and la antigen presentation. In some 
of the most convincing evidence implicating a single defined 
M. leprae product in pathogenesis, it was demonstrated that 
liparabinomannan drastically inhibited gamma-intericron-in- 
duced activation of macrophages, and, thus, lipoarabinoman- 
nan was implicated as the first virulence factor of the leprosy 
bacillus. 

During this period, the phenolic glycolipid was also impli- 
cated in the pathogenesis of M. leprae. Specifically, the tri- 
saccharide unit was implicated as a potent scavenger of 
intracellular reactive oxygen radicals, thereby perhaps directly 
facilitating the survival of M. leprae within the phagosome. 
In addition, evidence began to accrue that a sizable proportion 
of the plentitude of T cells of the suppressor phenotype (CD8 * ) 
seen in lepromatous lesions, by clegant cytoimmunological 
procedures, can be induced to suppress antigenic and mitogenic 
responses in the presence of the terminal disaccharide unit of 
the phenolic glycolipid. Methodology was also developed to 
expand T suppressor clones, although the means by which to 
maintain those indefinitely in culture is still elusive. 

During this period, the leprosy lesion itself, rather than cir- 
culating cells, became the focus of intense immunological stud- 
ies; One report, in particular, demonstrated that | in 50 T cells 
in tuberculoid lesions reacted to the antigens of M. leprae 
compared to a mere | in 4,500 in blood. Human lesion-derived 
T helper (CD4*) clones in conjunction with suitably applied 
polyacrylamide gel electrophoresis emerged as powerful tools 
for the identification of the key protein antigen implicated in 
T helper-induced immunity. Disappointingly, such CD4° clones 
do not respond to the available recombinant proteins. However, 
they responded avidly to the complex, large molecular mass 
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cell wall protein, the so-called CW-P which emerged as one 
of the most powerful immunogens im the leprosy bacillus 
important progress was also made im identifying immuno- 
' subsets of CD4 T cells in leprosy lesions. An en- 
nchment of T helper (CD4 ° 4B4 * ) was observed in tuberculoid 
lesions which were in close proximity to macrophages within 
the granuloma, perhaps facilitating bacterial clearance. In con- 
trast, T suppressor inducer cells (CD4° 2H4") were found at 
the periphery of the granuloma, admixed with CD8" cells. 
where they may contribute to localization of the cell mediated 
immune response from causing extensive tissue destruction. 


FUTURE GOALS 
M. leprae and Its Antigens. 


The in vitro cultivation of M. leprae should no longer be a 
major goal of the Program. 

Since the United States is the source of the infected armadillo 
colonies, still the world’s only source of first generation vac- 
cine and M. leprae for experimental purposes, careful attention 
should be devoted to the upkeep of these facilites and their 
preservation from other infectious agents, notably other my- 
cobacteria. Mechanisms should be developed to provide larger 
quantities of pure M. leprae to Japanese researchers. 

Already the major protein immunogens of M. leprae have 
been identified, cloned and some are available in sizable quan- 
tities. The development of large-scale production capabilities 
for the major protein antigens of M. leprae and defined epi- 
topes, by developing over-expression recombinant DNA vec- 
tors, should be a priority of U.S. and Japanese workers. Isolation 
of the native somatic proteins, for comparison with recombi- 
nant products, especially in search of M. leprae-specific, non- 
protein post-translational modifications should be pursued. Par- 
ticular attention should be devoted by U.S. and Japanese re- 
searchers to the issues of adequate purification of native and 
recombinant proteins and synthesis and purification of peptide 


Establish the amino acid or genomic sequence for all of the 
major proteins of M. leprae and explore the immunological 
consequences of N-terminal blockage. Define and synthesize 
the major T and B cell eptiopes on the major mycobacterial 
antigens in search of diagnostic agents highly specific and 
sensitive in serological and skin test assays. Initiate experi- 
ments in search of the key epitopes recognized by the T cell 
receptors. Study the relative immunodominance and genetic 
restriction of individual epitopes. 

Compare the sequence homology of all isolated proteins to 
known proteins in order to provide clues on physiological func- 
tion and role in disease pathogenesis. 

Pursue the chemical and immunological study of the sec- 
ondary gene products of M. leprae, i.c., the lipids, lipoara- 
binomannan, the vast mycolylarabinogalactan-peptidoglycan- 
protein complex with a view to exploring roles in immunity, 
bacterial persistence, the pathogenesis of reactional states, and 
in explaining the impermeability of M. /eprae to many anti- 
biotics. 








The Genome of M. leprae. 


Sequencing of the genome of M. leprae should not be a goal 
in itself. 

Instead. 1solate and study genes that encode the synthesis of 
thesis of the major cell wall components. Identify and isolate 
ee ee 
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leprae DNA into cultivable mycobacteria. Continue to inves- 
tigate molecular mechanisms necessary for stable gene intro- 
duction and expression. 

Continue to explore the nature of the unique repetitive se- 
quence in the M. leprae genome with a view to its function 
and its exploitation. 

Expand the use of the polymerase chain reaction technology 
for the sensitive and specific detection of M. leprae infection. 


Dissection of the Immune Response in Leprosy. 


Examine the mechanism of phagocytosis of M. leprae and 
the chemical and biological basis of M. leprae persistence in 
macrophages, especially in the context of the new surge of 
knowledge on the composition of M. leprae. 

Expand studies on processing and presentation of antigen 
and interaction with a, and, 5 T cell receptors. Expand the 
array of available T cell immunological correlates of protective 
immunity . 

Continue research on T cell subset populations in leprosy 
lesions. Investigate the functional segregation of epitopes to- 
ward T cell subsets of helper versus suppressor phenotypes. 


Expand research on the ummunopathological basis of nerve 
damage, especially the role of the insoluble fractions of M. 
leprae im immune complex deposition and the effects thereof. 

Promote research on the development of innovative exper- 


imental models applicable to assays for protective immunity. 
Chemotherapy: Human Vaccine Trials. 


In view of the large-scale implementation of multuple drug 
therapy, but still with the possibility of drug resistance emerg- 
ing years from now, the search for new drugs is to be en- 
couiaged. Malereepansialiier for Gia antielty tens coadithenalie 
rested with the THELEP component of WHO. However, those 
efforts can be supplemented by trials testing the efficacy of the 


various fluoroquinolones, cyclines (especially minocycline), 
and macrolides. For historical reasons and in view of the ex- 


cellent animal facilities in some laboratones, chemotherapeutic 
trials in experimental animal models should continue in the 
United States and Japan. 

Ongoing clinical trials with “‘first generation’’ M. leprae 
vaccine (irradiated M. leprae and live BCG) are also within 
the purview of the IMMLEP component of the WHO. In ad- 
dition, the independently conducted vaccine trials in India, 
indirectly by participants of the U.S.-Japan Cooperative Pro- 
gram by providing M. leprae from the armadillo source and 
other necessary expertise and personnel. In addition, several 
subunits’ of M. leprae are now emerging as powerful im- 
munogens, such as the cell-wall peptidoglycan protein com- 
plex, the 35 kD membranous complex, and several individual 
native proteins, which should be thoroughly tested in the avail- 
able animal models with a view to large-scale human trials. 


PROJECTS SUPPORTED BY THE PROGRAM 


Investigator and Institution 


Title 


GRANTS 


Joyce A. Benjamins 
Wayne State University 


Barry R. Bloom 
Yeshiva University 


Barry R. Bloom 
Yeshiva University 


Barry R. Bloom 
Yeshiva University 


Barry R. Bloom 
Yeshiva University 


Patrick J. Brennan 
Colorado State University 


Patrick J. Brennan 
Colorado State University 


Autoimmune Mechanisms in the Neuropathology of Leprosy 


Genetics of Resistance to Leprosy and Leishmaniasis 


Immunologic Studies in Leprosy 


Molecular Biology and Immunology of M. leprae 


Mycobacterial Genes, Antigens, and Vaccines 


Mycobacterium leprae Glycolipid Antigens 


Surface Antigens of M. leprae and other Mycobacteria 
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Thomas M. Buchanan 
US PHS Gills W. Long 
Hansen's Des. Center 


Josephune E. Clark-Curtiss 
Washington University 


Josephine E. Clark-Curtiss 
Washington University 


Zanvil A. Cohn 
Rockefeller University 


Arvind M. Dhople 
Flonda Institute of Technology 


Arvind M. Dhople 
Flonda Institute of Technology 


James T. Douglas 
University of Hawai at Manoa 


Scott G. Franzblau 
US PHS 
Gillis W. Long 
Hansen's Dis. Center 


Thomas P. Gillis 
US PHS 
Gillis W. Long 
Hansen's Dis. Center 


Bobby J. Gormus 
Tulane University of Louisiana 


Bobby J. Gormus 
Tulane University of Louisiana 


Robert C. Hastings 
US PHS 
Gillis W. Long 
Hansen's Dis. Center 


Timothy J. Holzer 


University of Ihinors at Chicago 


Marcus A. Horwitz 
University of Califorma 
Los Angeles 


Robert C. Humphres 
SRI International 


Gilla Kaplan 
Rockefeller University 
James L. Krahenbuhl 
US PHS 
Gills W. Long 
Hansen's Dis. Center 


1S4 


Structure and Antigemicity of Relevant M. leprae Protcms 


Induction of Immunity to Mycobacterium leprae 


Mycobacterium leprae Taxonomy and Genetics 


Pathomology of Human Leprosy 


Application of ATP Assays to Patient Care in Leprosy 


In Vitro Cultivation of Mycobacterium leprae 


The Seroepidermology of Leprosy 


Metabolic Maintenance and Growth of Mycobacterium 
leprae 


Characterization of T Cell Clones to M. leprae 


Characterization of Experimental Leprosy 


Experimental Leprosy/Vaccine Studies in Mangabeys 


Nude Mice in Leprosy Research 


Antimycobacterial Activity of Phagocytic Cells 


Biology of Mycobacterium leprae Monocyte Interaction 


Induction of Immunity and Tolerance to M. leprae 


Pathomology of Human Leprosy 


Immunology and Immunotherapy of Leprosy 




















Maurice J. Lefford 
Wayne State University 


Maurice J. Lefford 
Wayne State Univertaty 


Myron A. Leon 
Wayne State University 


Robert L. Modlin 
University of Southern Califorma 


Robert L. Modlin 
Universsty of Southern Califorma 


Robert L. Madiin 
University of Southern Califorma 


Nahid Mohaghe ghpour 
Medical Research Institute of 


San Francisco 


John H. Peters 
SRI Internationa! 


Larry S. Schlesinger 


University of Califorma Los Angeles 


Richard W. Truman 
US PHS 
Gills W. Long 
Hansen's Dis. Center 


Patrick J. Brennan 
Colorado State University 


Robert C. Hastings 
National Hansen's Disease Center 


Eleanor E. Storrs 
Flonda Institute of Technology 


Delayed Hypersemsatrvaty in Leprosy 


Lamting Diluton Analysis of M. leprarc Reactive T-Lymph 


Analysss of M. leprae Antigen m the Urine 


Funchon of Cloned Lesion-Derived Lymphocytes in Leprosy 


Immunoregulation m Leprosy Granulomas 


immunoregulatory T-Lymphocytes m Leprosy Lessoms 


Immunologsxc Defects in Lepromatous Leprosy 


Induction of Immunity and Tolerance to M_ leprac 


Human Monocyte Interactions with M_ leprae 


Ongin and Risk of Armadillo Leprosy 


CONTRACTS 
Antigens from M_ leprae ottamned from Armadillo Tissue 
Maintenance of an Armadillo Colony Infected with M 
leprae 


Maintain Armadillo Colony Infected with M_ leprae 
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Japanese Leprosy Panel 


PROGRESS IN PRIORITY AREAS 


Since rifampicin has shown a dramatic therapeutic effect on 
the lepromatous leprosy patient, multidrug therapy was devised 
for treating leprosy. Enormous contributions supported cost- 
free administration of anti-leprosy drugs in Southeast Asia. 
Results of the trial will be estimated at the end of the century. 
When drug administration is stopped, for cure, according to 
negative tests for leprosy bacilli, relapse may occur someday 
if some leprosy bacilli without contact to drugs live inside the 
nerve. And, also, a resistant bacillus may arise. Therefore, 
development of new drugs and a leprosy vaccine is urgent. 

Genetic analysis of leprosy bacillus is made by using the 
mass of leprosy bacilli isolated from infected armadillos and 
nude mice. If the cause of difficulty is cultivation of leprosy 
bacillus, the cultivation of leprosy bacillus would be able to 
succeed by transformation of DNA. 


1. Microbiology of leprosy bacillus 


It was clear that insertion of DNA pYA1065 was detected 
on the 19 positions in DNA of leprosy bacillus. From 8-10 
copies of insertion DNA 1.4 Kbase were also detected in the 
DNA of Mycobacterium paratuberculosis that was known as 
a difficult cultivable acid-fast bacillus. Nobody knows where 
the DNA fragment comes from, but the DNA fragments are 
inserted regularly in the host DNA sequence. On the other 
side, we attempted to produce the antigen of leprosy bacillus 
by introducing the plasmid of E. coli to the leprosy bacillus 
DNA which was coding the alpha antigen. This trial was not 
successful. 

Mass production of the 65 K protein of leprosy bacillus 
succeeded by the multicopy plasmid pUCS8 of E. coli which 
was jointed to leprosy bacillus DNA corresponding to the 65 
K protein coding. 


2. Experimental leprosy 


Leprosy bacillus in footpad leproma of BALB/C nude mouse 
was reduced by transfusion with thymus cell of BALB/C Nu* 
mouse. Minimum infectious numbers of leprosy bacilli were 
examined by inoculation to BALB/C nude mice, one to five 
leprosy bacilli can induce leproma in the footpad of the BALB/ 
C nude mouse. 

When leprosy bacillus was injected into the different systems 
of the nude mouse, the leproma size was influenced by genetic 
factor out of nude gen. Hybrid nude mice of CD-1 x NFS/N 
or CD-1 x N-NIH(S) produced the biggest leproma. The MRL/ 
Ip: sase permits the growth of leprosy bacilli without nude 
gen, but IL-2 production may be stopped by the T cell abnor- 
mality. Therefore, the MRL/Ipr mouse may not be suitable 
for the vaccine trial test. 


3. Chemotherapy of leprosy 


Ofloxacin was ineffective to nude mouse leprosy when ad- 
ministered as a food-drug mix, but one spoon-dose a day ef- 
fectively inhibited growth of leprosy bacillus. Several kinds of 
ofloxacin derivatives, quinolon derivatives, AM833, AM1091, 
and AT4140 were effective with nude mouse leprosy. 

Since the hybrid nude mouse of Jcl x AF exhibited a fairly 
effective response to immune-stimulating substances, the effect 
of immune-stimulating substances MDP (cell wall fraction), 
CP-46665. ATSO (-1,3 glucan) were tested to suppress the 
formation of leproma in nude mouse footpad by administration 
of combination with DDS. DDS alone was not so effective, 
but a combination of immune-stimulating substances and DDS 
was effective. 


4. Immunology of leprosy 


A high-risk group for latent leprosy infection that was se- 
lected by high titer of FLA-ABS test and by Mitsuda reaction 
negative, were treated with antileprosy drugs. This method 
was applied especially to young family contact. 

Leprosy specific antigen (NT-P-BSA, natural trisaccharide- 
phenyl! propionate-bovine serum albumin) was made by joint 
bovine serum albumin and chemically synthesized trisaccha- 
ride. The artificial antigen was used to serum reaction by ELISA 
method. Serum titer « * ¢sity determined by the agglutination 
of gelatin pa.ticle which was jointed to the artificial trisac- 
charide antige: (MLPA, Mycobacterium leprae particle ag- 
glutination). Since the serum reaction titer is at a high level in 
a state of multiplication of leprosy bacilli, the serum reaction 
was used to determine the effect of chemotherapy, to predict 
the relapse, and to detect the high-risk group of latent leprosy 
infection in family contacts. 

Mouse peri were activated with phago- 
cytosis of heat-killed M. avium or M. lepraemurium, but the 
expression od la antigen on surface of macrophage decreased 
according to bacterial numbers of phagocytosis. 


SIGNIFICANT ACCOMPLISHMENTS 


1. Microbiology of leprosy bacilli 


Success in the cultivation of murine leprosy bacilli (MLM) 
was one of the most important achievements. After enzymatic 
activity was compared between in vivo and in vitro MLM, it 
was found that MLM lacked the biosynthetic activity of cyt a 
and c where cultivated strains of MLM were used. This bio- 
chemical characteristic of MLM was not found in other cul- 
tivable acid-fast bacilli, and it was presumed to be a cause of 
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difficult cultivation. Since in vivo bacilli transform their en- 
zymatic system into that adaptable to their in vivo respiration, 
pursuit of biochemical characteristics only in the in vivo bacilli 
cannot clucidate why they cannot be cultivated in vitro. Iso- 
lation of pure MLM enabled the analysis of the bacterial com- 
ponents and the purification of the enzymes. 

The achievement to be evaluated next was the advance in 
biotechnological studies. A plasmid (phasmid) which could 
multiply both in a strain of acid-fast bacilli and of E. coli was 
prepared. The development of a mycobacterial vector could be 
achieved by binding a plasmid from E. coli. This experimental 
success will become a clue to enable leprosy bacilli cultivation. 
It is also usable for possible biosynthesis of their protein com- 
ponent inside viable BCG, and, moreover, development of an 
anti-leprosy vaccine will be aided by this success. 

Afterwards, the transduction of a plasmid in Mycob. gor- 
donae tollowing the insertion of a kanamycin-resistant gene 
into a mutant strain of BCG name $10 was examined whose 
restricted enzyme activity was lower than that of original BCG. 
As the result, a high frequency in expression of transformed 
character was observed. 

The next achievement to be evaluated was the discovery of 
a DNA segment, pYA 1065 in the gene bank of leprosy bacilli 
at 19 sites of DNA of this pathogenic strain using Restriction 
Fragment Length Polyphornism (RFLP) method. The RFLP 
pattern was usable for determining leprosy bacilli and identi- 
fying them from naturally infected armadillos and mangabey 
monkeys to be homologous to human source pathogen. 

On the other hand, 1.4 K base DNA was found at 8-10 
sites in DNA of Mycob. paratuberculosis. The presence of this 
inserted DNA became a common found in un- 
cultivable acid-fast bacilli. While the origin of this DNA seg- 
ment is unknown yet, it is presumed to be doubtless that the 
insertion occurs under the recognition of DNA configuration 
to be inserted by this segment. 

The lack of catalase activity of leprosy bacilli is said to be 
proved. Now, anti-catalase antibody is said to bind a catalase 
protein. It is presumed that a DNA coding high molecular 
protein such as catalase contains DNA configuration where 
low molecular protein DNA can insert and similarly, the in- 
activity of catalase in leprosy bacilli is induced by a dysfunction 
of DNA due to the low molecular DNA insertion. 


2. Experimental leprosy 


The successful transmission of leprosy bacilli to armadillos 
was the greatest achievement in this panel throughout 25 years. 
Detection of naturally infected armadillos proved that this an- 
imal species was the host of leprosy bacilli besides human 
beings in the nature. Since the collection of a large amount of 
leprosy bacilli became possible, their biochemical and DNA 
experiments became facile. It also contributed to an advance 
in the biotechnology of acid-fast bacilli. 

On the other hand, successful transmission of this pathogen 
to nude mice facilitated the collection of pure leprosy bacilli 
and the screening of anti-leprosy substances because nude mice 
were small animals bred aseptically and more favorabiy thea 
armadillos. The growth inhibitory effect of DDS was found to 
be incomplete in the nude mouse experiments. Leprosy bacilli 
from a biopsy materia) of leprosy patient who had been dosed 


with 450 mg-RFP only for 2 days did not proliferate in nude 
mice. It proved their complete eradication. These findings be- 
came an origin of multidrug leprosy therapy. 

Leprosy was also found in chimpanzees and mangabey mon- 
keys with a considerably high rate of onsets in the latters. Since 


they are the animals analogous to human being, a pathological 
analogy of their leprosy to that of human is expected. Never- 
theless, the permission to import them ts regulated by a Wesh- 
ington, D.C., agreement. The latency of a simian AIDS virus 
was said to be detected in mangabey monkeys. The advance 
of studies on a causation between immunological disorders 
induced by the detected simian AIDS virus and onset of monkey 
leprosy is expected. 


3. Chemotherapy of leprosy 


The U.S.-Japan Cooperative Medical Science Program started 
when DDS was the nearly only reliable drug. However, all the 
drugs such as DDS, Ciba 1906, streptomycin, and kanamycin 
could not eradicate leprosy bacilli in lepromatous patients. 
Moreover, the detection of DDS-resistant leprosy bacilli and 
relapsed cases brought about a serious difficulty in eradicating 
the infection source. Therefore, RFP and B 663 were intro- 
duced that could eradicate this pathogen in lepromatous cases 
who had been resisting chemotherapy. 

The inhibitory effect of DDS was limited in nude mice, 
whereas this drug was dramatically effective on this pathogen 
slowly growing in cuthymic normal mice. This result also 
indicated an only limited efficacy of DDS on lepromatous 
cases. The similarity of nude mice to lepromatous cases can 
be understood be.ause the formers are congenitally athymic 
and so, essentially, lack the cell-mediated immunity. 

All of leprosy bacilli in lepromatous patients could be erad- 
icated by the oral dose with 450 mg-RFP for only 2 days. It 
was ascertained when acid-fast bacilli from lepromas of the 
patients were inoculated into nude mice. Thus, eradication of 
the infection source became possible by an immediate dose 
with RFP when a case was diagnosed to be lepromatous. It 
also suggested the needlessness of isolating leprosy patients. 
Leprosy bacilli are detected in the subcutaneous tract of lep- 
romatous cases covering 3—5 years postadministration with 
RFP regimen. However, they are never viable and so cannot 
be the infection source of leprosy. 

B 663 also acts as a bactericidal drug on this pathogen. Its 
oral intake promoted the lowering in bacillary index. 

A drug examined in the next stage was one of quinolones, 
ofloxacin, and some further promising quinolones such as AM 
1091, AM 833, and AT 4140 are currently being developed. 


4. Immunology of leprosy 


An antigen specific to leprosy bacilli, phenol glycolipid was 
found where its terminal 3 saccharides were determined to be 
specific. Its configuration was Gic-Rha-Rha-phenol-lipid. The 
synthesis of this determinant was achieved, and its conjugate 
to bovine serum albumin was developed as an artificial antigen. 

In the past, the field survey by a fluorescent leprosy antibody 
absorption test (FLA-ABS test) indicated the presence of a 
health high-risk group with a positivity examined by FLA-ABS 
test and no or nearly no response to Mitsuda reaction due to 











family contact. This group was monitored to be treated for its DNA coding a high molecular protein moiety and as the result. 


preventative purpose. the biosynthesis of the protein seemed to become impossible 
The development of some ELISA assay methods using this The insertion was found at 19 sites in leprosy bacilli and 8 
specific antigen is enabling a more specific serum reaction for 10 sites in Mycob. paratuberculosis. it suggested the difficult, 
monitoring this group. Though this antigen is still not enough in cultivating leprosy bacilli is due to these serious deficiencies 
to become a really reliable one for diagnosis of leprosy, as in their protein synthesis. Herewith, a biotechnological study 


antibody titers assayed by these ELISA methods augment when should emphasize the cultivation of leprosy bacilli by supple- 
leprosy bacilli are proliferating in vivo, it is usable for the menting DNA. 


assessment of efficacy by the dose of chemotherapeutics and The eruptive endemism of leprosy is decreasing as a result 
the prognosis of possible relapse cases and/or those who have of multidrug therapy. However, the appearance of relapse cases 
a risk to induce leprosy onset in the future. will again be inevitable. Therefore. studies on a possible an- 


Since the biotechnological mass production of IL-2 could tileprosy vaccine should be promoted as well as an active 
become practical, it was applied clinically to patients. The local endeavor for development of novel drugs. For the former pur- 
injection of IL-2 to a leproma of lepromatous patient could pose, the first step is to develop a method for isolating a low 
form granuloma, resulting in the deformation of leprosy bacilli. virulence strain of leprosy bacilli after their cultivation becomes 
Nevertheless, it is localized to the injected site and the dis- possible. The next step is to prepare an antileprosy vaccine by 
appearance of leprosy bacilli from other lepromas could never a strain of viable leprosy bacilli which can induce immunity 
succeed. If lepromatous patients can synthesize IL-2 by them- against this pathogen and are presumed to result from trans- 


selves, the formation of granulomas followed by the defor- duction of a protein component controlling the immunogenicity 
mation of pathogen should be possible. Therefore, the essential of the low virulent leprosy bacilli into BCG. 
cause why a patient is lepromatous type is due to the disturb- On the other hand, it should be expected that the efficacy 


ance of IL-2 biosynthesis. Since IL-2 ts produced by T cells, of an antileprosy vaccine can be examined by the use of eu- 

it is reasonable to presume that a T-cell function responding thymic normal mice inoculated with leprosy bacilli. 

to leprosy bacilli lacks in lepromatous patients. The mechanism of onset of disease in leprosy is different 
A membranous protein component of leprosy bacilli has a from that in other infectious diseases. The immunological and 

strong promotive action on the transformation of venular mon- epidemiological questions whether a healthy person develops 

ocytes from tuberculoid patients. Namely, this protein may be leprosy or not and why his symptom becomes lepromatous 


a substance inducing cell-mediated immunity. should be clarified. 

A possible factor deciding whether a healthy person is in- Supply of lepromin antigen: It has become difficult to collect 
duced by a leprous onset or not is still uncertain though it has enough lepromas containing leprosy bacilli due to the advance 
been studied by various methods. of chemotherapy. Since lepromas of armadillos are apt to be 


contaminated by various saprophytic microorganisms, the pres- 
ence of an endotoxin is inevitable. The lepromas of nude mice 
FUTURE GOALS are free from other acid-fast bacilli and saprophytic microor- 
ganisms. A density gradient centrifugation using Ficoll 400 
Some inserted DNA was found in leprosy and Johne's ba- under a high-speed rotation has enabled the collection of pure 
cilli, both of which were uncultivable acid-fast bacilli. More- _—_ leprosy bacilli. Thus, the supply of a new lepromin prepared 
over, since cach DNA was found at a definitive site when without using chloroform is possible. The development of a 
examined by RFLP method, it was supposed that the DNA new lepromin antigen is indispensable for comparing its an- 
was inserted recognizing the configuration of DNA to be in- _—‘tigenic titers with those of present lepromin. 
serted by an unknown mechanism. The insertion occurred at 


PROJECTS SUPPORTED BY THE PROGRAM 


Investigator and Institution Title 
Masahide Abe Studies on subclinical leprosy infection— Salivary antibodies 
National Institute for Leprosy Research (NILR) in household contacts and inhabitants in endemic area 


Immunological studies on subclinical infection in leprosy 


Tsuyoshi Fujiwara Chemical synthesis of sugar derivatives of Mycobacterium 
Department of Natural Sciences, Nara University leprae specitic phenolic glycolipid and production of 
sugar protem conjugates 
The correlation between seroreactivity and molecular 
structure of sugar moiety of phenolic glycolipids (a 
preliminary report) 
Synthesis of PGL-1 related trisaccharide of Mycobacterium 
leprae and production of neoglycoprotemn conjugates 


Serological activity of methy! groups im the sugar moiety of 
POL 
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Yasuo Fukutomi 
NILR 


Masaichi Gidoh 
NILR 


Masamichi Goto 
National Leprosarium Hoshizuka Keiai-en 


Tsunchiko Hirata 
NILR 


Tonetaro Ito 
RIMD, Osaka University 


Seiichi Izaki 
Department of Dermatology Iwate Medical University 


Role of macrophage in protective immunity to Mycobacteria 
species 

Macrophage activation after phagocytosis of Mycobacteria 
species 

Immunological studies on clinical state of leprosy analysis of 
lymphocyte subset by flow cytometry 


Studies on the improvement of immunity 

in leprosy by drugs 

(1) Lack of the arthritogenicity of leprosy bacilli derived 
from nude mouse footpads in rat adjuvant induced 
arthritis 

(2) Influence of immunostimulants on the growth of leprosy 
bacilli inoculated into footpads of hybrid nude mice 


Immuno-histochemical studies on the in vivo distribution and 
behavior of Mycobacterium leprae antigen 


Acid-fast organisms isolated and cultivated from the nasal 
washings of lepromatous leprosy patients: Inoculation 
experiments to nude mice 


Re-examination on pyridine extractability of acid-fastness 
from leprosy bacilli 


Acid-fast organisms cultivated from the biomaterials in 
leprosy: Inoculation experiments of the organisms isolated 
and cultivated from armadillo nodules L154 (456) infected 
with leprosy bacilli to nude mice 


Reexamination on pyridine extractability of acid-fastness 
from leprosy bacilli: Comparative studies of the acid- 
fastness after pyridine treatment in Mycob. avium 
Kirchberg strain in vitro and/or in vivo 


Inoculation experiments of the acid: *~st organisms isolated 
and cultivated from armadillo nodules L154 (456) infected 
with the leprosy bacilli to nude mice and recultivation 
experiments of the organisms from the mice 


Fine structures of the cellular peripheral parts of the leprosy 
bacilli: Comparative cell morphology with pathogenic 
fungi and/or non-tuberculous mycobacteria 


Cytological studies of leprosy bacilli and macrophages in the 
lepromatous skin nodules of leprosy patients 


Expression of Mycobacterium leprae gene in Escherichia 
coli and Actinomycetes 


Detection of a protein component specific to leprosy bacilli 
in Actinomycetes and the search for its biological activity 


Studies on the modulative function of granulomatous 
inflammation using murine leprous mice with special 
reference to macrophage differentiation and the secretion 
of proteinase 


On the differentiation and secretion of macrophages 


(1) Studies by the use of human cultured cells 
(2) Studies by the use of human cultured ceils and human 
inflammed granulomatous tissuc 








Shinzo Izumi 
Medical Department Kyoto University 


Yoshiko Kashiwabara 
NILR 


Kunio Kawazu 
NILR 


Kenji Kohsaka 
RIMD, Osaka University 


Takashi Kusaka 
Kawasaki Medical School 


Mitsuyoshi Maeda 
National Leprosarium Tama Zensho-en 


Masamichi Makino 
RIMD, Osaka University 


Eiichi Matsuo 
Medical Department Kyorin University 





(3) Studies by the use of human and murine cultured cells 
or by those infected by murine leprosy bacilli 

(4) Studies by the use of various inflamed chronic 
granulomatous tissues 


Serological property of semisynthetic sugar antigen (NT-P- 
BSA) and serodiagnosis diagnosis of leprosy 

Gelatin particle agglutination test for serodiagnosis of 
leprosy 

Clinical and seroepidemiological application of 
Mycobacterium leprae specific gelatin particle 
agglutination test (MLPA) 


Cell-sorter analysis of the immuneresponse of PBL to 
Mycobacterium leprae antigens 


Iron metabolism of leprosy bacilli 
Monoacylphospholipid deacylase activity in leprosy bacilli 


Immunohistopathological analysis of antigens in the leprosy 
granuloma 


Therapeutic effect with thymus transplantation in 
Mycobacterium leprae infected nude mice 


Therapeutic effect with thymus transplantation in 
Mycobacterium leprae infected nude mice—Sub- 
inoculation with Mycobacterium leprae derived from the 
thymus transplanted mice 

Minimal infectious doses of Mycobacterium leprae in 
experimental leprosy of nude mouse 


Effect of ofloxacin and minocycline on experimental leprosy 

A rapid and sensitive identification of leprosy bacilli using 
pyrolysis-gaschromato-mass spectrometry 

Analysis of ultralong chain fatty acids in leprosy bacilli 

Search for an auto-antigen inducing leprous neuritis— 


Detection of an antigen reactive with a membrancous 
antigen of Lewis rat Schwannoma cell line 


Search for an auto-antigen inducing leprous neuritis (11) 
On a d-antigen of Mycobacterium leprae with special 


reference to the biotechnological analysis of antigen 
determinant specific to Mycobacterium leprae 


Studies on the pathological significant of beta-glucuromdase 
(beta-Gase) in leprosy 


(1) Especially on its property presumed to be a lipoproteim 





Yoshiyuki Matsuo 
Medical Department Hiroshima University 


Masanori Matsuoka 
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NILR 


Yasuhiro Minauchi 


National Leprosarium 
Hoshizuka Keiai-en 


Tatsuo Mori 
RIMD 
Osaka University 
National Leprosarium Tama Zensho-en 


Kumiko Nagata 
Department of Bactenology Hyogo College of Medici 
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(2) Purification by chloroform treatment, ethanol 
precipitation, trypsin digestion and gel-filtration, and the 
property of this enzyme through the behavior found 
during this purification 

(3) Conjugation between this beta~Gase and Mycobacterium 
HI-75. Examination of a possible conjugation between 
leprosy bacilli and human enzyme suggested by the 
immuno-histochemical findings of human leprous tissue 

(4) Conjugation between beta-glucuronidase and a soluble 
fraction cf mycobacterium H1-75. Purification of a 

against beta-glucuronidase (beta-Gase) from 
Mycobacterium H\-75 and the immunological reactivity 
against this receptor 


An assay method for examining the viability of leprosy 
bacilli by a fluorescein staining technique 


Difference in the bacillary growth of Mycobacterium leprae 
in the footpads of mice among various strains 


Difference of the host reactions among mouse strains 
infected with Mycobacterium leprae 


Difference of the delayed-type hypersensitivity reaction 
among mouse strains infected with Mycobacterium leprae 


Effect of intravenous inoculation with large inoculum of 
Mycobacterium leprae on the bacillary growth in footpad 
and the host reaction of mice infected with 
Mycobacterium leprae in the footpad 


Development of the leprosy model with mice 


Studies on carly stage of leprosy infection 

(1) Development of new type of hemagglutination test, 
microHA 

(2) Physiological nature of PGL-1 

(3) Spreading of leprosy infection in household contacts 

(4) Simple method for detecting free PGL-I 


Examination of humoral factors influential on the disorders 
by leprous peripheral neuritis (II) 


Anaerobic cultivation of Mycobacterium leprae 


Collection method of leprosy bacilli from hepatic tissue of 
infected armadillos, comparison between Draper's and 
Mori's methods on the transformation of DNA from 
cultivable mycobacteria to leprosy bacilli 


Trials for transformation of leprosy bacilli by DNA of 
cultivable mycobactena 


On the immunological cross over reactivity between 
Mycobacterium leprae and an antigen corresponding to 
monoclonal antibody against Mycobacterium tuberculosis 
strain Aoyama B or the recombinant peptide antigen 
derived from DNA of this strain with special reference to 
the cross Over reactivity as infection protective antigens 








Atsuo Nakada 


Takeo Nakama 

Medical Department Ryukyu University 
Kazunari Nakamura 

NILR 


Separation and purification of protein from human leprosy 
bacilli by gene recombination technique. Studics on the 
serum and skin reactions using an cptiope of 65 KD 
protein from leprosy bacilli 


Examination of macrophage function and lymphocyte 
subsets in leprous trssues 


The effects of genetic background (leprosy-pronc) against 
the formation of lepromatoid lesions in various nude rats 

Leprous lesions at carly stage in Mycobacterium leprac- 
infection of nine banded armadillos (Dasypus 
nonemcinctus) 

Leprous lesions in the tongue, stomach, intestinal canal, 
Peyer's patches, et al., of nine-banded armadillos 
(Dasypus nonemcinctus: with Mycobacterium leprae- 

Experimental inoculation with Mycobacterium leprae in 
NOD hybrid nude mice (NOD x CD-1 nu) 


Experimenta! inoculation with Mycobacterium leprae in 
seven banded armadillos 


Mycobacterium leprae-susceptibility of various hybrid nude 
mice (continued): The result of CD-1 x NFS/N-ew and 
CD-1 x N:NIH\*) hybrid nude mice 


Mycobacterium leprae-susceptibility of various hybrid nude 
mice (continued): The results of Jcl:AF hybrid nude mice 


The effects of genetic background (leprosy-prone) against 
the formation of lepromatoid lesions (continued): The 
results of KSN nude mice 

Experimental inoculation with Mycobacterium leprae in 
various Wistar rats (continued): The results of WKAH/ 
Hkm rats 


Experimental inoculation with Mycobacterium leprae w 
various Wistar rats (continued): The results of WBN/Kob 
rats 


Experimental inoculation with Mycobacterium leprae m 
various hairless rats (continued): The results of WB/Kob- 
Ht rats 


Experimental inoculation with Mycobacterium leprae im 
SENCAR mice 


Mycobacterium leprac-susceptibility of vanous hybrid nude 
mice (continued): The results of SENCAR hybrid nude 
mice 

Mycobacterium leprae-susceptibility of various hybrid nude 
mice (continued): The results of CD-1 « CBA/N-nw and 
CBAIN «x CD-1-nu) hybrid nude mice 

Experimental inoculation with Mycobacterium leprae m 
various hybrid lupus mice (continued) The results of 
MRL//pr and NOD hybrid mice 


Mycobacterium leprac-susceptibility of NAR rats 


Experimental inoculanion with Mycobacterium leprae im 
SHRSP rats 








Tetsu Nakayama 
National Institute for Leprosy Research (NILR) 


Yasuharu Nishimura 
Medical Institute of Bioregulation Kysushu University 
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RIMD, Osaka University 


Hiroko Nakagawa 
NILR 


Nobutaka Ohsawa 
Medical Department Kitazato University 


Toshiharu Ozawa 
NILR 


Hajime Sai 


Department of Microbiology and Immunology. Shimane 


Medical University 


Nanako Saito 
NILR 


Yoshimoto Sakamoto 
NILR 


Experimental inoculation with Mycobacterium leprae in 1CR 
(cataract) rats and effect of nude gene on development of 
Cataract ‘ 


Effect of cyclosporin A against growth of leprosy bacillus 


Trials for cultivating Mycobacterium leprae in synthetic 
media 


Genetic control of immunological response to 
Mycobacterium leprae antigen in mice transduced HLA- 
class Il gene 


Suppression of lymphocyte proliferation by Mycobacterium 
leprae specific antigen, phenolic glycolipid against the 
stimulation by Con A or PHA 

Intracellular cultivation of Myccbacterium leprae 


Trials for cultivating Mycobacterium leprae 


Studies on the synthetic pathways of glycerolipids in murine 
leprosy bacilli on a phosphatidylinositol synthetase 
activity 

Studies on the degradation pathways of phospholipid in 
murine leprosy bacilli 

Analysis of host (mouse) response to the infection of murine 
leprosy bacilli with special reference to the infection of 
macrophages 


On the activity of liposome-encapsulated chemotherapeutics 
against cultured macrophages 
Clinico-immunological studies on leprosy 
(1) Immunological studies on clinical state of leprosy 
analysis of lymphocyte subset by flow cytometry (a 
preliminary report) 
(2) Restriction of immunological response by HLA-class I 


monoclonal antibody (a preliminary report) 
(3) Assay of lymphocyte subsets in lepromatous patients by 
an indirect monoclonal antib’*: .2tte method 


On the antileprous activities of various antimicrobial agents 
including new quinolones 

On the antileprous activities of new quinolones, AM 1091 
ana AM 833 


Susceptibility difference ammong various strains of rats 
against the infection of murine leprosy bacilli and their 


immunosuppression mechanism 
Quantitative analysis of the phenolic glycolipid-I in sera 
from leprosy patients 


Quan‘itative analysis of the phenolic glycolipid-I in sera 
from leprosy patients (continued) 


Improvement of the determination for leprosy specific 
antiyens 








Takehiko Sasazuki 
Medical Institute of Bioregulation Kyushu University 


Yoshinon Tanaka 
Medical Department Totton University 


Haruaki Tomioka 
Department of Microbiology and Immunology Shimane 
Medical University 


Sadae Tsutsumi 
NILR 


Ryuichi Tsuyuguchi 
Department of Bacteriology Hyogo College of Medicine 








Molecular level analysis of HLA-linked mmmunological 
unresponsiveness specific to Mycobacterium leprae 
antigen 


Genetic control of ummunological response to 
Mycobacterium leprae anigen in HLA-DQW6 egenc- 
transduced mice 


On the growth of Mycobacterium leprae and the 
immunological function in cyclospormmn A-treated mice 


Studies on behavior of suppressor macrophages induced to 
mice after vaccinated 


On the behavior of suppressor macrophages induced by a 
vaccination and their control by biological response 
modifier (BRM) 


Fundamental studies on the improvement of antileprosy 
pharmacotherapy 

(1) Synthesis of thiosemicarbazones 

(2) Synthesis of adamantane imidazoles 

(3) Search for inhibitory substances against the growth of 
leprosy bacilli inoculated to nude mice 

(4) On the strong growth inhibitory effect of a novel 
quinolone, AT-4140 

Analytical studies on anti-leprosy drugs 


‘n the cross over reaction between leprosy bacilli and 


monoclonal antibody against Mycobacterium taberculosis 


strain Aoyama B 


165 





BIBLIOGRAPHY 


Abe. M.. Kawaguchi. Y.. Kobayashi, S.. Hoksbara, H.. Sai- 
kawa. K.. Baba, S. and Ide. J.: Epdemmological immunological 
studies on leprosy in Okimawa. Ill. Reactivity to the standard 
and diluted lepromins cf leprosy patients im the mainland and 
Okimawa. Japanese J. Leprosy 57, 87-98. 1988 


Abe. M.. Kawaguchi, Y.. Ozawa, T., Saito, N.. Ohsawa, Y.. 
Minagawa, F.. Yoshino. Y.. Saikawa, K.. Baba. S. and Ide. 
J.: Epidemiological ummunological studies on leprosy in Oki- 
nawa. |. A survey on personal and family histories of inpatients 
Japanese J. Leprosy 56, 176-187, 1987. 


Abe, M., Kawaguchi, Y.. Ozawa, T., Saito, N.. Ohsawa, Y.. 
Minagawa F.. Yoshino, Y.. Saikawa K.. Baba, S. and Ide, J: 
Epdermological immunological studics on leprosy in Ok.nawa 
ll. Statistical observation on clinical symptoms of inpatients. 
Japanese J. Leprosy 56, 188-198, 1987. 


Abe, M.. Kawaguchi, Y., Ozawa, T., Saito, N.. Ohsawa, Y.. 
Minagawa, F., Yoshino, Y., Saikawa, K.. Baba, S. and Ide, 
J.: Epidemiological immunological studies on leprosy in Oki- 
nawa. IV. Relationships between Mitsuda’s reaction and cach 
of personal, family histories and clinical findings of inpatients. 
Japanese J. Leprosy 57, 9-107, 1988. 


Abe, M., Miyayi, |. Okushita, T.. Minagawa, F.. Yo:tuno, U. 
Sakamoto, Y. and Saikawa, K.: Anti-mycobacterial antibodies 
in saliva. Leprosy Review 57, Suppl 2, 213-223, 1986. 


Bharadwaj, V. P.. S. Izaki, O. Tanji and M. Izaki. Ultracyto- 
chemical and light microscopic histochermical studies in murine 
leprosy. Japanese Journal Leprosy 55: 186-198, 1987 


Buchanan, T. M.. Nomaguchi, H., Anderson, R. A., Young, 
R. A., Gillis, T. P., Britton, W. J., lwamyi, J.. Kolk, A. H. J., 
Closs., O., Bloom, R. and Mehra, V. Characterization of my- 
cobacterial species specificity of 14 separate epitopes which 
reacted with monoclonal antibodies to the 65,000 molecular 
weight protein molecule of Mycobacterium leprae. Lepr. Rev 
57, (suppl 2), 63-66, (1986). 


Buchanan, T. M.. Nomaguchi, H., Anderson, D. C.. Young, 
R. A., Gillis, T. P., Britton, W. J., Ivanyi, J., Kolk, A. MH. J, 
Closs, O., Bloom, B. R., and Mehra. V.: Antibody-reative 
epitopes on the 65.000 dalton protein molecule Mycobacterium 
leprae. Mycobacternal species specificity. /nfect Immun. 55, \000- 
1003 (1987) 


Fujiwara, T., Determination of the D and 1 configuration of 


phenolic glycolipids of M. leprae and M. bovis. Im. J. Lep., 
56, 112-115 (1988) 


Fujiwara, T. and S. lzumi. Synthesis of the neoglycoconjugates 
of phenolic glycolipid-related trisacchandes for the serodi- 
agnosis of leprosy. Agric. Biol. Chem., 57, 1539-1547, 1987 


Fujiwara, T.,G. O. Aspinall, 8. W. Henter and P. J. Brennan, 
Chemical synthesis of the trisacchande unit of the species-spe- 


cific phenolic glycolipd from Mycobacterium leprac. Carbo- 
dvdr. Res.. 163, 41-52 (1987) 


Fujiwara, T.. S. W. Hunter and P. J. Brennan. Chemical syn- 
thesis of disacchandes of the specific phenolic glycolipid anti- 
gens from Mycohactcrnem leprac and of related sugars. Carboldr 
Res., 148, 287-298 (1986). 


Fujiwara, T.. S. Izumi and P_J. Brennan, Alternative synthesis 
of the end disacchande of the specific phenolid glycolipid an- 
tigen from Mycobacterium leprae and other partially modified 
disaccharides. Mem. Nara Univ., 15, 8-15 (1986). 


Fujiwara, T.. S. Izumi and P. J. Brennan. Synthesis of 3.6-di- 
methylglucosy! disaccharides with methyl! 3-(p-hydrox- 
phenyl)propionate as a linker arm and their use im the scrodi- 
agnosis of leprosy. Agric. Biol. Chem. 49, 2301-2308, 1985 


Hibino, T.. S. Izaki and M. Izaki. Two different kinds of epi- 
dermal PA Inhibitor: Analysis of interaction with UK. Blood 
and Vessel (Tokyo) 16: 217-219, 1985. (Text im Japanese.) 


Hibino, T., S. Izaki and M. Izaki. Keratin hydrolyzing enzyme 
in psoriatic epidermis. In: The Biological Role of Protcinases 
and Their Inhibitors in Skil. Eds. H. Ogawa, G. S. Lazarus and 
V. K. Hopsu-Havu. University of Tokyo Press, Tokyo, Japan, 
pp. 1S1-159, 1985. 


Hibino, T.. S. Izaki and M. Izaki. Plasminogen activator im 
psoriatic epidermis. Blood and Vessel (Tokyo) 17: 563-571, 
1986. (Text in Japanese.) 


Hibino, T.. S. Izaki and M. Izaki. Purification of epidermal 
plasminogen activator inhibitor. FEBS Letters 208: 273-277, 
1986 


Hibino, T.. S. Izaki, H. Kimura, M. Izaki and S. Kon. Partial 
purification of plasma and tissue kallikrems in p< oniatic epider- 
mis. Journal of Investigative Dermatology 90. SOS—S10, 1988 


Hitiao, T.. S. Izaki, M. Okuma and M. Izaki. Kallikrein-like 
enzyme in psoriatic epidermis. Blood and Vessel (Tokyo; 18 
433-442, 1987. (Text im Japanese.) 


Hibino, T.. S. Izaki, M. Obkuma, S. Kon, S. Thorsen, and B 
Astedt. Epidermal plasminogen activator imhibnor (PAI) is im- 
munologically identical to placental-type PAI-2 FEBS Letters 
231: 202-206, 1988 


Hirata, T.: A method for electron microscope observation of 
human leproma. Jap. J. Lepr. 56 (1987) 8-15 


Hirata, T.: Electron microscopic observations of acid-fast bacilh 
im nasal mucosal topsics of lepromatous leprosy patients. /n 
ternat. J. Lepr. 53 S77~SB1, (1985) 


Hirata, T.: Electron microscopic observations of cell wall and 
cytoplasmic membrance om murine and human leprosy bacilh 
Internat. J. Lepr. 53 (1985S) 433-440 








Hirata, T.: Morphology of Mycohacternem leprac. Jap. J. Lepr. 
SS (1986) 48-61. 


Hirayama, K.. Nishimura, Y.. Tsukamoto. K. and Sasazuki. 
T.: Functional and molecular analysis of three distinct HLA- 
DR4 §-chaims responsible for the MLR between HLA-Dw4. 
Dw 15 and DK T2. Journal of Immunology, 137-924-933, 1986. 


Honda, K.. Hirayama. D.. Kikuchi, 1.. Nagato H.. Tamai, H.. 
and Saszuki, T.: HLA and sillicosis in Japan. New Engl. J. Med. 
1989 in press. 


Hsu, P. S.. S. lzaki, T. Hibino and M. Izaki. Elastase activity 
im granulomatous inflammation in murine leprosy. 
Experimental and Molecular Pathology 45: 84-92, 1986 


toh, T.. K. Kohsaka and Subowo: Effect of lamprene on ex- 
perimental leprosy mm the nude mouse. Jnr. J. Lepr. Other My- 
cobact. Dis. 54, 724 (1986). 


Izaki. S. Coagulation and fibrinolytic proteases im leukocytes. 
In: Thrombus F ormation and Dissolution: eds. O. Matsuo, K. 
Suzuki and Y. Ikeda. Japan Science and Technology Associa- 
tion, Tokyo, in press. (in Japanese). 


Izaki, S. Experimental granulomas. In: Modern Dermatology 
Handbook, Annual Series ‘89, eds. Y. ishibashi, S. Imamura, 
H. Tagami, K. Yoshikawa. Nakayama Shoten, Tokyo. in press, 
1989. 


Izaki, S. Plasminogen activator secreted from macrophages and 

inflammation. Tatevama Symposium Ill, Coag- 
ulation * Fibrinolysis * Platelet * Basic and Clinical Research. 
Eds.: M. Kazama, M. Matsuda, N. Sakuragawa, K. Yamada. 
Uchudo-Yagi Shoten, Tokyo, pp. 56-61, 1986 (text in Japa- 
nese). 


Izaki, S$. and T. Hibino. Fibrinolytic system in the skin: from 
the distribution of PA and PA inhibitors. Japanese Journal of 
Clinical Hematology 28: 1127-1133, 1987 (im Japanese). 


izaki, S.. T. Hibino, P. S. Hsu, S. Tokairin, M. Obkuma, O. 
Matsuo Granuloma-associated plasminogen activator (PA), 
properties and comparison with PA. Blood and Ves- 
sel (Tokyo) 16: 2220-222, 1985. (Text im Japanese). 


Izaki, $., T. Hibino, H. Shimoda, P.S. Hew, O. Tanj, S. To- 
kairn, M. Ohkuma, M. Izaki and O. Matsuo. Murine leprosy 
An ammal model to investigate protemase-protemase imbibitor 
regulation system in inflammation. In: The Biological Role of 
Proteinases and Their Inhibitors in Skin. Eds. UH. Ogawa, G. 
S. Lazarus and V. \.. Hopsu-Havu. University of Tokyo Press, 
Tokyo, Japan, pp. 139-149, 1985. 


izaki, S.. 7. Hibino, H. Shimoda and M. Izaki. 

activator in granulomatous inflammation. In: Chemical Media- 
tors of inflammation and Immunity. Eds. S$. Cohen, H. Hayashi, 
S. Saitoh and A. Takada. Academic Press, Tokyo an’ New 
York, pp. 329-344, 1986. 


Izaki. S.. L. Hormmbeck, M. Higuchi. K. Fukuyama, W. L 
Epstcin’s Tokairin and O. Matsuo. Detection of granuloma- 
associated plasminogen activator in cxpenmental mune schis- 
tosomuasis. Experimental and Molecular Pathology 43. 82-89, 
1985. 


Izaki, S.. M. Okamoto, P. S. Hsu. W. L. Epstem and K. Fu- 
kuyama. Characterization of clastase associated wath granulo- 
matous tissue remodeling. Journal of Cellular Biochemistry 32: 
79-89, 1986. 


Izaki, S.. M. Okamoto, S. Tokainin, K. Fukuyama and W. L. 


physics (Varanasi) 6: 189-193, 1987. 


Izaki, S.. lL. Segawa. T. Hibino, S. Tokairin, M. Obkuma, O. 
Tan. P. S. Hsu, H. Shimoda and S. Kon. Granulomatous 
inflammation and function. Journal of Japan Der- 
matologic Association 98: 1356-1358, 1988. 


Izaki, S..O. Tani, M. Okuma. Monocyte/macrophage system 
and dendritic cells (a review). Journal of Iwate Medical Asso- 
ciation (Morioka) 38: 499-447 , 1986. (Text im Japanese.) 


Izaki, S., S Teen, 5. Eee, © Sigene ate 5. Se. 


colipid antigen Phenolic glycolipid-|, from formalin-fixed hu- 
man lepromatous liver. J. Clin. Microbiol. 22. 689-682, 1985. 


Kikuchi, 1., Ozawa, T., Hirayama, K., and Sasazuki, T.: An 
HLA-linked gene controls susceptibility to lepromatous leprosy 
through T cell regulation.: Leprosy Review 57, suppl. 2: 139- 
142, 1986. 


Kohsaka, K., Y. Miyata, T. Mori and T. tto: Prophylactic, 


Kusaka, T. and Mori, T.: Pyrolysis gas chromatography-mass 
spectrometry of mycobacterial mycolic acid methyl esters and 
its application to the identification of Mycobacterium leprae J. 
Gen. Microbiol. 132 (1986) 3403-3406. 


Kusaka, T., Nomaguchi, H., Miyata, Y. and Mori, T.: Analysis 
of mycolic acids and various carbon-chaia-length's fatty acids 
m Mycobactermm lepraemurimum ongmated from rough and smooth 
colonies grown on Ogawa's yolk media. Jap. J. Lepr. 55 (1986) 
13-21. 








Macda. M. and Narta. M.: Affinity of Mycohacterim leprac 
wath Lewss rat schwanoma cell line (Lewis TC 98). Lepr. Res 
SS (1987) 39-5! 


Matshushaa. S.. Morimoto. C.. Schlossman. S. F.. and Sasa- 
vuki. T.: Monoclonal antibody 4B4 blocks suppression of the 
mumune fospomse to Cnpiomeria yapomca pollen antigen H_- 
man Immunology. 22: 1-7. 1988 


Matsuo E.. Yamada, K.. Sasaki. N. & Skinenes. O. K.: Possible 
sugmificance of B-glucuromdase on mts permeabon from blood 
stream to perpheral nerve. A histopathologic stedy of leprows 
ncuropathy and cxpenmental Gac to suppor that utilizing per- 
fuson of E. coli to rat tac artery. Int. J. Lepr. $2: 614, 1984, 
$4: 40, 1985. 


Matsuo. O.. S. Sakai. H. Bando, K. Okada, S. Nakajima, O 
Takagi and S. Izaki. Plasminogen activator in bronchoalveolar 
fluid. Haemostasis 16: 43-50, 1986 


Matsuo, E.. Sasaki, N. & Skinencs, O. K.: On the immuncoh- 
itologic staming of beta-ghucuromdase im paraffine-cmbedded 
tissue. The requirement of peanut oil to deparaffimize and car- 
olipm and lecuhin for staming. Jat. J. Lepr. 54-731, 1986 


Matsuoka, M.. Nomaguchi. H.. Miyata, Y. and lho, T.: Pro- 
duction of Monoclonal Antibody to a 65,000 Dalton Protem of 
Mycobacterium leprac. Jap. J. Lepr. 56 (1987) 21-25 


Matsushita, S.. Muto, M.. Sucmura, M., Saito, Y.. and Sas- 
avuki, T.: HLA-linked nonresponsiveness to cryptomeria Ja- 
pomica pollen antigen. |. Nonresponsivencss is medimed by 


antigen-specific suppressor T cell. Jowrnal of Immunology, 138 
109115, 1987 


McDermott-Lancaster, R. D.. T. to, K. Kobwaka and M. J 
Colston: The nude mouse. Characteristics, breeding and hus- 
bandry. Jaz. J. Lepr. Other Mycobact. Dis. 55 , 885888, 1987 


McDermott-Lancaster,R. D.. T. to, K. Kohsaka, CC. Guellpa- 
Lauras and J. H. Grosset: Multiplications of nude mice to ex- 


permmental leprosy. /er. J. Lepr. Other Mycobact. Dis, 55 , 889.- 
895. 1987 


Miyata. Y.. Ito, T., Mori, T., and Abe. M.: Collection Method 
of Mycobacterium leprac from infected armadillo liver —a com- 
parison with Draper's methad—Jap. J. Lepr. 56 (1987) 166 

171 


Mori, T.: Cultivation Trial of Mycohacteriam leprae by trans- 
formation with deoryribomuctes acid from cultivable acid-fast 
bacith. Jap. J. Lepr. 57 (1988) 205.212 


Mori, T. and Kobsaka, K.: Identification of cat leprosy bacillus 
grown m mice. Internat. J. Lepr. S54 (1986) S84.995 


Mori, T. and Kobsaka, K.. Inactivation methods of Mycotex: 
terium leprae as a leprosy vaccine. Jap. J. Lepr. $6 (1987) 172 
175 





Mon. T.. Miyata. Y.. Kobsaks. K.. and Makino. M.- Respi- 
rapon on Mucwhactermem leprac. Int. J. Lepr. $3 (1958) GOO- 
aN 


Nagata. Y.. K. Kosaka and T. ho. Negative observations on 
mmunclogscal sade ciiccts of niampun and dapsone m mice 
It. J. Lepr. Other Mecohact. Dis. 33, GOD-G08, 1985 


Nakamura. K - Leprosy. Laboratory Diagnosis of wdectious dis- 
cases, Vol. 1_. Springer-Verlag. New York, (1988) 333-343 


Nakamura. K.. and Yogi. Y.: The experimental inoculation with 
leprosy bacillus m vanouws bybnd mude mice (contenucd): The 
results of CD-1(1CR) hybrid nude mice. Jap. J. Lepr. 57 (1988) 
186-190 


Nakamura, K.. and Yogi. Y.: The ude mouse as an cuperi- 
mental lepromatows leprosy model (camtenucd) The NFS N nude 
mouse 2s a acw model wung the intra-upper lip imoculation 
methad. Jap. J. Lepr. 57 (1988) 129-1% 


Naton. T.. Saito, N.. Matsuoka, M. Suzuki. ©. et all: The 
phagocytic activity of macrophages correlates wath the RT1_B- 
restncted pmmune response to Mycobacterium lepracmurimem m 
the rat. Transplentation Proceedings 19 3190-3193, 1987 


Nishimura, Y.. Hirayama, K.. Teakamoto, K.. and Sasaruki. 
T. The role of HLA-DR molecal: in the antigen presentation of 
streptococcal cell-wall antigen to helper T cells. In: Kirmura, Y.. 
Kotam, S.. and Shiokawa, Y. eds. Recent advances in strep- 
tococe: and streptococcal diseases. Bershire: Reedbooks, 268- 
70, 1985 


Nishimura, Y.. Sasazuki, T.. Amamiya, K.. and Hirosawa, K 
An HLA-linked immune suppression gene to streptococcal an- 
tigen and its role on the pathogenesis of rheumatic heart disease. 
In: Kormpura, Y.. Kotani, S.. and Shiokawa, Y.. eds. Recent 
advances m streptococcal diseases. Berksture Reedbooks, 266- 
8. 1985 


Nomaguchi, H.. Dohi, Y.. Ohno, N.. Fujiwara, T. and ho, T 
Inhibition of the proliferative respotmse of lymphocytes to ConA 
or PHA by unique M. leprae glycolipid. Int. J. Lepr. Other 
Mvycohact. Dis. 54, 732-733 (1986) 


Nomaguchi, H.. K. Kohsaka, Y. Miyata, T. Mori and T. Ito 
Restored pathogenicity of attenuated Mycobacterium leprae- 
murium wm once. Int. J. Lepr. Other Mucobact. Dis. $4, 446- 
452 (1986) 


Nomaguchi. H., Kohsaka. K.. Miyata, Y.. Mor, T., Nagata, 
K.. Okamura, H.. and Shoji, K.: Induction of gamma interferon 
with vanous mitogens im mice pretreated with M lepracmuriem 
and the effect of in vitro wmterferon production on the growth of 
M. lepreemuriaum im mice. Int. J. Lepr. Other Mycohact. Dis 
53, 706-707 (1985) 


Nomaguchi, H.. Matewoka, Y.. Miyata, Y.. Shigyo. K., Kob- 
saka. K.. Subowo, and Ito, T.. Successful preparation and char- 
acterization of monoclonal antibodies to a 65 000 dalton protem 
of Mycobacterium leprae. Jap. J. Lepr. 57, (1988) im press 





Obkawa. S.. M. Ozaks and S. rum. Lepromatows leprosy com- 
plicated wath systemic bupes cryvthomutows. Dermacdegna. 170. 
80-83. 1985 


Okamoto, N.. Sasaki. M.. Seg. K.. Sao. C.. lwama. T.. 
tkeacti. T.. Tonomorua A.. Sesaruki. T.. and Miryaki. M_: Lows 
of comstatunonal hetcrazy gost) m colon Carcinoma from pahonts 
with familial polyposts colt. Natwre (Lond) 33): 273-277: 1988 


Paik. T. H.. M. Makino an T. ho Monoclonal antibodies agarnet 
beta-antigen of Mycahactermem taberouloss and thew wmicrspe- 
cies reactivities. Bihen Journal 30, $3~59_ 1987 


Prabhakaran, K.. S. Teutsumi and E. B. Harris: Effect of 2- 
mercapto-3-hydrazmmogumonaline (MHQ) on diphcnoboudac 
and growth of Mycobacterium leprac. Microtnes Letters, M. 
139—142 (1987). 


Teuteumi, S. and Masaichi Gidoh: Incfficacy of thalbdomnde on 
rat adjuvant-induced arthrits and lack of arthrogemcsty of Han- 
sen bacilli. Jap. J. Leprosy, $7, 122-128 (1988) 


Santo, H.. H. Tomioka and T. Kitugawa: The lack of therapeutic 
effects m mice of the combined gamma-tradiated Mycohacte- 
rium leprac and viable BCG against Mycohacternem leprae. w- 
fection. Jap. J. Lepr. $4, 57-61, 1985 


Sato, H.. H. Tomioks and K. Nagashima: /e wire and in vive 
activities of ofloxacin against Mycohacterium leprac miechon 
induced in mice. Jar. J. Lepr. 54, S60-S62, 1986 


Santo, H.. H. Tomicka and K. Sato: Purification of MW. leprae 
with special reference to the effects of purntied M leprac vac- 
cines on host macrophage cell functions. Jap. J. Leprosy. 56. 
101-109, 1987. 


Saito. H.. H. Tomioka, K. Sato and T. Watanage Abilities 
of human oligodendroghal cells and mouse Schwann cells to 

Mycobacterium leprac and other mycobacteria In. 
fect. leumun., 51, 157-182, 1986 


Sato, H.. H. Tomeka, T. Watanate and K. Sate §=Moechannrm 
of phagacytos. of Mycobacterium leprac and other mycobac- 
teria by human oligodendrogiial cells. /nfect. /rmun.. 57. 163 
167, 1986 


Saito, H., H. Tomioka, T. Watanage and K. Sato: Purificatons 
of Mycobacterium leprae from infected animal tiwues. Myco- 
bacteria of Clinical Interest (M. Cazal, ed), Excerpta Medica. 
Elsevier Science Publishers B.V.. Amsterdam. pp. 45-49, 
1986 


Sakuma. S.. Y. lwanaga, E. Tokunaga and N. Otome: In- 
crease im intradermal vascular permeability caused by pertussis 
toxin from Bordetella pertussis. Microbiol. Immunol. 31: S31 
539, 1987 


Sasavuki, T.. Harada, F.. and Kawasaki, T.. Genetic analysis 
of Kawasaki disease. Alan R. Liss, Inc. Rawaseki Dincase 251- 
255. 1987 


Sasaruki. T.. Hewyame. K.. Mateeshata. S.. Kakuctn. 1. Mor- 
moto. C_. F. Schlossman and Zhang Chen: The effect of mon- 
octonal antihadics on the suppreswon of Igk respomer to 
Crypomena yapomca pollen antigen m Leukocyte Typang Ill 
od a. McMichacl. 1957 


Sesaveks. T.. Kikucts 1. Horayarma, K.. Mateushata. S.. Obna. 
N.. and Nishemera, Y. Epestatic mmtcrachon between HLA-DR 
and DQ controls the mmmunce respom< m human /mumunolog, . 
IVES om prow 


Sasaruks, T.. and Mateosteta. S.. MHC-lopked smmmune suppres- 
sean genes detcrmune the phenotype of mmmune response to some 
natural antigens in humam. J. /eemmogenctics. 1499-101, 1987 


Sasavuki. T.. Nishimura. Y.. Kakuchi. |. Hirayama, K.. Too- 
kamots. K.. Vasunam.. 4. Mateushite, S.. Muto. M.. Sanc. 
T.. and Hirose, T.: HLA. fenked emmune suppression gene maps 
with HLA-DQ subregoce m regulation of mmmunc pene suppres- 
sion. ods. M. Feldmann and A. McMichacl. Homana Press 
Clifton. p. 197-206, 1986 


Sasaruki, T.. Nishirmera, T.. Teukamoto, K.. Hirayama. K.. 
and Sone. T.. Molecular and functional analysis of HLA~<lass 
li molecules. in Haman T Cell Clone. Eds. M. Feldman. J. &. 
Lamb and J. N. Woody. Humana Press. Clifton. p. 91-103, 
1985 


Sone. T.. Toskamets. K.. Hirayama, K.. Nishimura, Y.. Tak- 
cnouchi, T.. Aizawa. M_. Sasavwki, T.: Two distinct class I 
molecules encoded by the genes within HLA-DR subregion of 
HLA-Dw? and Dw 12 can act as and restriction mol- 
ecules. Journal of Immunology, 135: 1288-1298, 1985 


Sugio, K.. Kurata, Shon inch. Sasaki. M.. Socpma, J. and 
Sasavuki, T.: Differential expression of c-myc gene and c-fos 


gene mm premalignant and malignant tissue from patents with 
familial polyposis colt. Cancer Research 48: 4855-4861: 1988. 


Teera, R.. Hirata, T.. Sampoonachote, P.. Rungruang. S.. Sam- 
pattavamich. S.. Ochasanond, P.: Preliminary report on mucro- 
trokogical stuches of the aod-fast organmmems rolated and cultry ated 
from leprosy patients. Com. Dis J. (Thailand), //, (1985) 17- 
M4 


Tokairim, S.. 8S. vaki. |. Sega. and T. Hituno. Stimulatory effect 
of lymphokines to secretion of plasminogen activator from mac- 
rophages. Blood and Vessel (Tokyo) 18. 486-463, 1987 (Text 


in Japanese) 


Tokunaga, K.. Omoto, K., Akazva, T.. Akiyama, N.. Amemiya, 
H.. Naito S.. Sasavwhi, T. Satoh. H. and Joy, T. Haplotype 
study on C4 polymorphiwm im Japanese Associations «th MHC 
alleles. complotypes. and HLA-complement haplotypes. /m- 


munogenetics, 22: 199-365, 1985 


Tomoka. H.. Youhitaka Yamada, Hajime Saito and Jon Jidol 
Susceptitilities of Mycohacternem leprae and M leprae and M 
aviem complex to the H,0, Fe-mediated ron system 

with antimicrobiol agents. Jnr. J. Lepr. 57, 628- 


632, 1989 











ry 


= 
’ 


Son 
ve 
UJ 
andl 





4 ws 





PM.3 6) "x 11° PHOTOGRAPHIC GENERAL TARGET 
NBS 1610a ANSI/'SO #2 EQUIVALENT 











Tsukamoto, K., Hirayama, K., Hirose, T., Yasunami, M. Ki- 
mura, A. and Sasazuki, T.: Molecular basis for mapping of 
HLA-linked immune suppression genes within HLA-DQ subre- 
gion in HLA in Asic-Oceania. Ed Aizawa, M., 866-869, 1986. 


Tsukamoto, K., Yasunami, M., Kimura, A., Inoko, H., Ando, 
A., Hirose, T., Inayama, S., and Sasazuki, T.: DQw! gene 
from HLA-DR2-Dw 12 consists of exons and expresses multiple 
Dqw! polypeptide through alternative splicing. /mmunogenet- 
ics, 25:343-346, 1987. 


Wachsmuth, P. R., Janardan P. Pandey, Joseph A. Fedrick, 
Nishimura, Y. and Sasazuki, T: Interactive effect of Gm and 
Km allotypes on cellular immune response to streptococcal cell 
wall antigen. Exp!. Clin. Immunogenet. 4: 163-166: 1987. 


Watanabe, H., Matsushita, S., Kamikawaji, N., Hirayama, K.., 
Okumura M., and Saszuki, T.: Immune suppression gene on 
HLA-Bw54-DR4-DRw5S3 haplotype controls nonresponsiveness 
in humans to hepatitis B surface antigen via CD8* suppressor 
T cells. Human Immunology, 22:9-17, ‘988. 


170 


Yogi, Y. and Nakamura, K.: Dermal characteristics of the mul- 
tiplication at early stage of Mycobacterium leprae inoculated 
into the right hind foot. Jap. J. Lepr. 57 (1988) 108-114. 


Yogi, Y. and Nakamura, K.: Mycobacterium leprae-suscepti- 
bility of NOD hybrid nude mice. Jap. J. Lepr. 57 (1988) 117- 
121. 


Yogi, Y. and Nakamura, K.: The experimental inoculation with 
Mycobacterium leprae in the congenitally asplenic mouse. Jap. 
J. Lepr. 55 (1986) 35-40. 


Yogi, Y. and Nakamura, K.: The hereditary asplenic-athymic 
(Lasat) mouse as an experimental animal model of lepromatous 
leprosy: Role of the spleen in the formation of lepromatoid 
lesions. Jap. J. Lepr. 57 (1988) 191-198. 


Yogi, Y., and Nakamura, K.: The nude mouse as an experi- 
mental lepromatous leprosy model (continued): The lepromatoid 
lesions in mystacial vibrissae site of injection. Jap. J. Lepr. 55 
(1986) 41-47. 














Joint Scientific Conferences 


LEPROSY PANELS 


Date: August 12-14, 1985 


Place: NIH, Bethesda, Maryland 

Summary: The 20th Conference was held in Bethesda, Mary- 
land, at the National Institutes of Health. On August 12 and 
13, papers by members and guests of the Leprosy Panels were 
presented, and on August 14, a joint symposium on leprosy 
and tuberculosis was held. The subject of the joint symposium 
was ‘‘Recent Advances in Immunology and the Immunology 
of Leprosy and Tuberculosis.’’ Nine representative papers were 
presented by the Panel members and guests. The Conference 
on Leprosy was organized into four separate sessions covering 
subjects such as: suppressor cell activity in lymphocytes and 
T cells; isolation of cell wall components; serodiagnosis of 
leprosy; and animal models for leprosy. A total of 24 papers 


were presented. 


Date: September 25 and 27, 1986 


Place: International Hotel, Osaka, Japan 

Summary: The 2\ist Conference was held in Osaka, Japan, 
at the International Hotel. On September 25 and 27, papers by 
members and guests of the Leprosy Panels were presented, 
and on September 26, a joint symposium on leprosy and tu- 
berculosis was held. The subject of the joint symposium was 
‘Molecular Biology of Mycobacteria.’’ Seven representative 
papers were presented by the Panel members and guests. The 
Conference on Leprosy was organized into four separate ses- 
sions covering subjects such as: microbiology and antileprosy 
drugs; experimental leprosy; antigens and antibodies; and cell- 
mediated immunity. A total of 24 papers were presented. 


Date: July 20 and 22, 1987 


Place: NIH, Bethesda, Maryland 

Summary: The 22nd Conference was held in Bethesda, Mary- 
land at the National Institutes of Health. On July 20 and 22, 
papers by members and guests of the Leprosy Panels were 


presented, and on July 21, a joint symposium on leprosy and 
tuberculosis was held. The subject of the joint symposium was 


‘Recent Advances in Immunology and the Immunology of 
Leprosy and Tuberculosis."’ Eight representative papers were 
presented by the Panel members and guests. The Conference 
on Leprosy was organized into four separate sessions covering 
subjects such as: serodiagnosis of leprosy; mycobacterial an- 
tigens; macrophage function; and epidemiological studies of 
leprosy. A total of 21 papers were presented. 


Date: July 27 and 29, 1988 


Place: Nara University, Nara, Japan 

Summary: The 23rd Conference was held in Nara, Japan, at 
the Nara University. On July 27 and 29, papers by members 
and guests of the Leprosy Panels were presented, and on July 
28, a joint symposium on leprosy and tuberculosis was held. 
The subject of the joint symposium was *‘Stress Proteins and 
Antibody Responses to T-dependent Antigens.’’ Seven rep- 
resentative papers were presented by the Panel members and 
guests. The Conference on Leprosy was organized into four 
separate sessions covering subjects such as: new antileprous 
compounds; species specific DNA probes; antigens and anti- 
bodies in leprosy; and macrophage activation. A total of 17 
papers were presented. 


Date: August 23 and 25, 1989 


Place: Town & Country Hotel, San Diego, California 
Summary: The 24th Conference was held in San Diego, Cal- 
ifornia at the Town & Country Hotel. On August 23 and 25, 
papers by members and guests of the Leprosy Panels were 
presented, and on August 24, a joint symposium on leprosy 
and tuberculosis was held. The subject of the joint symposium 
was ‘‘Specific Detection of Mycobacteria and Vaccine De- 
velopment.’’ Nine representative papers were presented by the 
Panel members and guests. The Conference on Leprosy was 
organized into four separate sessions covering subjects such 
as: T cell suppression; native proteins; diagnosis of leprosy; 
and antigen expression in macrophages. A total of 18 papers 
were presented. 
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National Institute of Nutrition 
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Former Member 
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Japan 


Dr. Fumimaro Takaku (1982 
Professor 

Department of Internal Medicine 
Faculty of Medicine 

Tokyo University 

7-3-1, Hongo, Bunkyo-ku 

Tokyo 113, Japan 


Dr. Takehiko Tanaka (1984 
Professor 

Department of Nutrition 

Faculty of Medicine 

Osaka University 

4-3-57, Nakanoshima, Kita-ku 
Osaka 530, Japan 
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Professor 

Department of Physiology 

Keio University 

School of Medicine 
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Director 
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Dr. Takuo Fuyita (1985-1987 
Professor 

Department of Internal Medicine 
School of Medicine 

Kobe University 
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Kobe 650. Japan 
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Department of Internal Medicine 
School of Medicine 
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Profiles 


U.S. MALNUTRITION PANEL 


Dr. James Allen Olson 
Chairman (1989—Present) 


Dr. Olson, Distinguished Professor of Sciences and Humanities in the Department 
of Biochemistry and Biophysics, lowa State University, has long-term associations 
with Japan. He studied Japanese in the mid-1940's and worked in Japan for 2 years 
following World War Il. He returned as a visiting professor to Kyoto National 
University in the mid-1960's, and he has attended many conferences in Japan since 
that time. He is familiar with Southeast Asia as well, having served as professor 
and chairman of the Department of Biochemistry at Mahidol University in Bangkok. 
Thailand from 1966 to 1974. His current research interests concern vitamin A and 
the carotenoids, relative both to their metabolism, function, and therapeutic actions 
as well as to their associations with chronic disease 
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Dr. Irwin Harold Rosenberg 
Chairman (1983—1988) 


Doctor Rosenberg is currently Director of the USDA Human Nutrition Center 
on Aging at Tufts University School of Medicine and Professor of Nutrition within 
the Tufts University School of Nutrition. He received his undergraduate education 
at the University of Wisconsin, Madison, and his M.D. trom Harvard University 
in 1959. Following internship and residency at the Massachusetts General Hospital 
in Boston, he became a research associate at the National Institutes of Health where 
he was involved in clinical research on malnutrition and cholera in East Pakistan 
as well as conductir: other research investigations. In 1964 he returned to Boston 
as a research fellow an 1 subsequently a faculty member at Harvard Medical School 
He moved to the University of Chicago in 1970 and soon he became Chief of the 
section on gastroenterology. He was the initial director of their clinical nutrition 
research center, a position he held until he accepted his current position in 1986 
Throughout his career, Dr. Rosenberg has been active in national and international 
programs concerned with nutrition and health and has made many important con- 
tributions to this field. His current research interests pertain to intestinal absorption 
and transport of vitamins and minerals with a special interest in the metabolism 
and transport of folic acid. Doctor Rosenberg was a member of the U.S. Malnutrition 
Panel from 1978 through 1988 and Chairman from 1983 to 1988 


Dr. David Baird Coursin 
Chairman (1974-1978) 


Doctor Coursin currently serves as a consultant on nutritional issues and maintains 
clinical appointments on the staffs of several hospitals including Georgetown Uni- 
versity School of Medicine. He received his undergraduate education at Haverford 
College, Haverford, Pennylvania, and his M.D. at the University of Pennsylvania 
After completing a pediatric internship and residency he became involved in research 
studies identifying the relationship of vitamin B6 (pyridoxine) deficiency in human 
infants to brain function, convulsive seizures, and behavioral and mental retardation 
Observations stemming from his investigations contributed to the formulation of 
dietary allowances and international standards for vitamin B6 in the dict. His 
research lead to his interest in identifying the effects of malnutrition on human brain 
development, behavior, and performance. This research interest blended well with 
the initial concerns of the U.S.-Japan Malnutrition Panel on which he served from 
1967 through 1974 and was Chairman from 1974 1 1978. His efforts in this area 
did much to strengthen the U.S.-Japan relationships concerning the impact of mal- 
nutrition on development and behavior 




















Dr. Nevin Stewart Scrimshaw 
Chairman (1965—1974) 


Doctor Scrimshaw ts currently Institute Pro:essor Emeritus at the Massachusetts 
Institute of Technology and serves as the Director of Food, Nutrition, and Devel- 
opment Program within the United Nations University. He also maintains active 
appointments at Harvard University, Tufts University. and Brown University. He 
received his undergraduate education at Ohio Wesleyan University mm 1938. his 
Ph.D. in Physiology from Harvard University in 1941 and his M.D. from the 
University of Rochester in 1945. Throughout his career, Dr. Scrimshaw has been 
extremely active in participating in both national and international organizations 
concerned with nutrition and public health. He has served as an adviser to most of 
the Federal agencies that deal with nutritional problems and has received numerous 
honors for his efforts from these organizations. At the time the U.S.-Japan Mal- 
nutrition Panel was formed, he was a consultant to the Office of War on Hunger 
where he helped to develop measures to meet the emergency and chronic and 
nutritional needs of infants, preschool children, and pregnant and nursing mothers 
in India. His active efforts concerning nutrition and development made him an ideal 
candidate for the first chairman of the Malnutrifion Panel within the U.S.-Japan 
Cooperative Medical Science Program. He remained Chairman of this pane! from 
1965 to 1974. Following his active participation within the Malnutrition Panel, he 
was a member of the U.S. Delegation to the U.S.-Japan Cooperative Medical 
Science Program from 1975 to 1985 

Doctor Scrimshaw was instrumental in setting the mitial priorities for the U_S.- 
Japan Malnutrition Panel which included the interactions of nutrition and infection, 
prevention of nutritional anemias, effects of malnutrition on learning and behavior, 
investigations of environmental and host factors affecting nutritional requirements, 
and improvements in the availability of quality dictary protein. Many of these 
priority areas continue to serve as a foundation for the present priority areas identified 
by the panel. Through his efforts, the Malnutrition Panel of the U.S.-Japan Co- 
operative Medical Science Program made major influences on human and public 
health nutrition 
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Dr. Ryokuero Suzue 
Chairman (1984 


Dr. Suzue was born in April 1925 m Kyoto. and graduated from K yoto University 
Faculty of Medicine in 1951. After receiving his Ph.D. degree mm 1957. he spent 
2 years at Indiana University. In 1961. he was promoted to Associate Professor im 


Kyoto University and then moved to the National Institute of Nutrition. In 1981 
he was appointed Director General of the National Institute of Health and Nutrition 
His research field 1s vitaminology. and he has been Chairman of the Malnutrition 
Panel since 1984. He was also Chairman of the Japanese RDA Committee in 1989 


Dr. Goro Inoue 
Chairman (1978—]984) 


Dr. Inowe was born in July 1917 and graduated trom Kyoto Prefectural University 
of Medicine in 1941 where he was promoted to Associate Professor m 1951. After 
ectting a Ph.D... he moved to Osaka City University and then Tokushima University 
as a professor of nutritional physiology. After retirement from Tokushima Univer 
sity, he was appoimted professor of nutrition at Nakamura University and later 
moved to Kosten University. His research fields are protem and ammo acids 
requirements for humans and also protein metabolism 

He has attended several international mectings including WHO and FAQ, and 
he was appomted a member of WHO Expert Advisory Panc!l on Nutrition. He was 
also a Chairman of Malnutrition Panel. U.S Japan Cooperative Medical Science 
Program from 1978 to 1984. He is now an Emeritus Professor of Tokushima 
University 


Dr. Hisato Yoshimura 
Chairman (1977-1978) 


Dr. Yoshimura was born on February 9. 1907. and eraduated from Kyoto Uni 
versity in 1930. He was a research associate in Department of Physiology im Kyoto 
University where he carned a Ph.D. in 1936 and was promoted to Assistant Professor 
and then to Associate Professor in 1946. He moved to Kobe University in 1946 
and then to Kyoto Prefectural University of Medicine in 1947 as a professor of 
physiology In 1935. he went to Harvard University and University of New York 
to study human physiology and nutrition. In 1967, he was appornted as a resident 
of Kyoto Prefectural University of Medicine and retired in 1972. He received a 
prize of nutrition from the Japanese Socicty of Food and Nutritron for an article 
entitled Studies on Recommended Allowances of Protem His hobbies are 
skating and archery. He was a Chairman of Malnutrition Pane! from 1977 to 1978 
He is now Emeritus Professor of Kyoto Prefectural University of Medicin 














Dr. Norio Shimazono 
Chairman (1966-1977) 


Dr. Shimazono was born on March 16, 1906 eraduated from the University of 
Tokyo in 1929, and obtained a Ph.D. degree ut 1942. In 1947, he was invited to 
Niigata University as Professor of Biochemustry. In 195). he returned to Tokyo 
and was appointed Professor of Biochemistry al the University of Tokyo In 1966 
he resigned from the University 0! Tokyo and was conferred the ttle of Professor 
Emeritus at the University of Tokyo Then he served as professor of biochemustry 
in Tokyo Medical College and Wayo Women’s University. He received many prizes 
from several scientific societies. His life s work has been the biosynthesis of ascorbic 
acid. He served as a chairman of the Japanese RDA Committee im 1969 and also 
as Chairman of the Nutritional Council im the Ministry of Health and Welfare. He 
was also Chairman of the Japanese Malnutrition Panc! from 1966 to i977 
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GUIDELINES 


MALNUTRITION PANELS 
United States-Japan Cooperative 
Medical Science Program 


It is recognized that nutrition-related disorders are serious 
problems in Asia as well as other parts of the world. During 
a review of the U.S.-Japan Joint Malnutrition Panels, there 
was a gradual, but perceptibic, shift in emphasis to increasing 
attention to nutritional concerns of the United States and Japan, 
which will subsequently impact on the nutritional problems of 
other countries in Asia. Of particular concern is the health 
consequences of different and changing dictary patterns and 
food habits. Dietary patterns have been recognized as a con- 
tributing variable or risk factor for a number of chronic dis- 
eases. With the current influences of the Westernized dict on 
food habits in Japan, evidence relating dictary components to 
chronic disease through basic, clinical, and epidemiological 
investigations would be of great importance for both countries. 
To accomplish this task, it would be of value to have improved 
measures of nutritional assessment that may serve as prognostic 
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indicators of the positive and negative health consequences of 
certain dietary habits. The following areas have been identified 
for developing a collaborative research program: 


1. Health consequences of changing dictary patterns on 
health, development of disease, and disease prevention. 


A. Fatty acids metabolism, including unsaturated fatty 
acids, in dict and health 

B. Bone disease in relation to dict 

C. Effect of sulfur amino acids 


ll. Nutritional assessment. 
Ill. Endogenous mediators of nutritional metabolism, not 
limited to mediators generated by inflammation and infec- 
tion, but also mediators associated with other types of dis- 
eases, such as malignancies. 

















U.S. Mainutrition Panel 


PROGRESS IN PRIORITY AREAS 


The past 5-year period initiated a new phase of cooperation 
between nutritional scientists in the United States and Japan. 
In the past, the major Program goal concerned malnutrition in 
Southeast Asia, including problems of vitamin A and iron 
deficiency, maternal and child health, and both behavior and 
work performance as a function of nutritional status. As a result 
of the detailed 5-year Program review of 1984-85, however, 
increased emphasis was placed on nutritional issues of direct 
concern to the United States and Japan; namely, the assessment 
of nutritional states other than clinical deficiencies and the 
interrelationships between nutnent intake and various chronic 
diseases. Because dictary patterns and lifestyles significantly 
differ between our two countries, comparative studies, both of 
experimental and epidemiological types, were fostered. 

Thus, the five primary cooperative areas currently are: nu- 
tritional assessment, polyunsaturated fatty acids (including 
broader areas of lipid interaction), endogenous mediators, cal- 
cium and osteoporosis, and antioxidants in relation to oxidative 
stress. As in the past, teams of |-2 members from cach panel, 
who possess particular expertise in a given area, work together 
both to design symposia and to foster intercultural interaction. 

Annual symposiums, held alternately in Japan and in the 
United States, have remained a key activity of the Joint Panels. 
These symposiums have related directly to a major cooperative 
area, and, in addition to panel members, have involved leading 
American and Japanese scientists in the Program. Furthermore, 
many younger Japanese and American scientists have become 
involved in the symposiums by giving platform or poster pre- 
sentations and by attending informal symposim events. As a 
general rule, the symposiums have been held in association 
with a relevant international meeting; for example, our most 
recent symposium on cytokines and metabolism was held in 
New York in con*snction with an International Conference on 
Micronutrients and Immune Functions. These fruitful associ- 
ations not only allow our Panel members to interact with a 
broader group of topics and scientists but also inform many 
leading international scientists about Panel activities. Most 
symposium papers have been printed, either as a monograph 
or as a supplement to a leading nutritional journal. 

The symposiums have served as a catalyst for many other 
cooperative activities, including the participation of members 
of both Panels in yet other international meetings, exchange 
visits, and cooperative research activities. The active collab- 
orative efforts between Professor William Lands and Professor 
Yuichiro Goto and between Professor John Anderson and Pro- 
fessor Takuo Fujita deserve special mention in this regard. 

The shift in emphasis of topic areas has also led to changes 
in the membership of the U.S. Panel. Professor Irwin H. Ro- 
senberg, a distinguished Panel member for a decade and its 
dynamic chairman since 1983, resigned in carly 1989 because 
of the press of new commitments. Professors Barbara A. Un- 


derwood and James D. Cook, after active, exemplary service 
for over a decade, were replaced by Professors Gerald Keusch 
and Lawrence Raisz, experts in the fields of endogenous me- 
diators and of osteoporosis, respectively. Ai the National In- 
stitutes of Health, program activities remain in the capable 
hands of Dr. Van S. Hubbard and Dr. Nancy B. Cummings, 
under the overview of Dr. Jay Hoofnagie. Director of the 
Division of Digestive Diseases and Nutrition, NIDDK. 


SIGNIFICANT ACCOMPLISHMENTS 


In 1966, | year after the initiation of the U.S.-Japan Co- 
operative Medical Science Program, the U.S.-Japan Mainu- 
trition Panel was established with Prof. Nevin Scrimshaw as 
Chairman of the U.S. panel. The primary purpose of the Panel 


goals. 
Priority areas also shifted. In 1980, for example, they were: 
1) influence of environmental and host factors on nutritional 


requirements, 2) health significance and methods of preventing 
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Young child with protein calorie malnutrition in Northern 
Thailand. 
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iron deficiency, 3) imtcraction of nutrition, immune compe- 
tence, and infection, <) effects of nutrition on physical and 
mental development. behavior. physical capability. and work 
performance, and $) health consequences of different (and 
changing) dictary patterns and food habits. During the penod 
1980-84, successful workshops were held on the effects of 
nutrition on human growth and development (1980). on nu- 
tritional requirements m Asian countnes (1981). on subclinical 
iron deficiency (1982), on vitamin A and cancer prevention 
(7984), and on calcwum metabolism and aging (1984). 

With the improved nutritional status of populations in much 
of Asia from 1966-84 and with the growing awareness that 
the United States and Japan clearly had different interests im 
Southeast Asia, an histonc change in Panel priorities occurred 
in 1985. Abetted by a detailed 5-year review of Panel activities 
conducted in 1984-85. the mayor focus shifted from problems 
of undernutrition in Southeast Asia to Comparative studies of 
nutritional problems common to the United States and Japan. 
As a corollary of this change. increased attention was given 
to the relationship of nutrition to chronic diseases that are 
common to both countnes and to basic mechanisms underlying 
nutritional actions. Thus, ‘malnutrition’ was broadened to 
long-term consequences on health and survival. 

The five current priority areas are: nutritional assessment, 
polyunsaturated fatty acids (including broader areas of lipid 
interaction), endogenous mediators. calcrum and osteoporosis. 
and antioxidants in relation to oxidative stress. As in the past. 
experts in cach of these area are members of both Panels. 
Annual symposiums, usually associated with international con- 
ferences, deal with state-of-the-art papers on the selected topic. 
Young scientists from both countries are involved in these 
mectings, and the symposiums are published to reach a yet 
broader audience. Professional interchange. cooperative re- 
search projects, and other joit activities are fostered. Inter- 
actions among Panel members from the United States and Japan 
have also influenced professional and scientific activities im a 
much broader sphere, such as in the International Union of 
Nutritional Sciences and in international and regional con- 
gresses that have been held both in Asia and in North America. 
In essence, current Panel activities are fully in keeping with 
the research activities and interests of both Japan and the United 
States. 


MARKED ACHIEVEMENTS 


Because program priorities changed from an emphasis on 
undernutrition in Southeast Asia (1966-84) to a concern for 
nutritional problems common to the United States and Japan 
(1985~present), the achievements are of two different kinds. 

the first phase (1966-84). a major project of the 
U.S. Panel was the Malnutrition and Anemia Research Center 
in Chiangmai, Thailand. This center brought together a sig- 
nificant number of able young scientists both from the United 
States and Thailand. An excellent. well-cquipped institute was 
built to house them. Concomitantly, under the auspices of the 
Rockefeller Foundation, a Ph.D.-level graduate research pro- 
gram in the life sciences was initiated at Mahidol University, 
and a community health program was fostered at the adjoining . 
new Ramathibodi Hospital in Bangkok. The worthwhile clin- 
ical investigations conducted in Chiangmai and the innovative 


basec research activities developing in Bangkok harmonized to 
create a mew gcncration of rescarch and clomcal scicntists im 
Thailand. 

The ultimate impact of those two successful activities on 
improvements in nutrition and public health m Tharland has 
been cnormous. As one indication of its overall effect. Prof 
Arce Valyasevi, a one-time R22 grantee, former dean of Ra- 
mathibod: Hospital and the founder and former director of the 
National Institute of Nutrition. was sclected to give the coveted 
McCollum International Lecture on “Nutrition Research and 
its Apphcation in Developing Countnes’’ at the International 
Congress of Nutrition m Scoul, Korea, in August 1989. it 1s 
highly unlikely that Prof. Arce would have been so successful 
in his efforts in the absence of the activities of the US-Japan 
Malnutrition Pane! and of the Rockefeller Foundation 

On a more purcly scientific tack, new indicators were de- 
veloped under the acgis of the Pancl for assessing marginal 
states of several nutrients. imcluding iron and vitamin A. and 
for determining the extent of the public health problem for 
several of these nutnents in Southeast Asia. Together with the 
International Vitamin A Consultative Group and the Interna- 
tional Nutritional Ancmma Consultative Group. m which U.S 
panel members have played a key role, the U_S.-Japan Panel 
has been imstrumental im reducing the prevalence of these nu- 
tritvonal diseases in Southeast Asia. 

Even negative findings have utility in a public health context. 
The observation that nce fortified with several amino acids did 
not improve the growth of children in northern Thailand con- 
vinced public health officials in Thailand nor to allocate pre- 
cious, limited funds to a large. expensive fortification project 
Later, the reselts from Thailand were confirmed by similar 
projects conducted elsewhere. 

Although more difficult to quantitate, the mmportance of per- 
sonal imteractions among Asian and American scientists must 
be cited. Regardless of the results or impact of a given study, 
friendly professional interactions in the long run lead to im- 
proved research activity, teaching, and career opportunities 
This situation is particularly true for often isolated scientists 
in Southeast Asia. The current leaders of nutrition im Asia, and 
even in Japan, were stimulated, often at a critical time im their 
career, by nutritional scientists from the United States and. of 
course, from other industrialized countries. The U.S.Japan 
Malnutrition Pane! played an important role im fostering such 

During the second phase (198S-present), major achieve- 
ments are more in the making than completed. An ongoing 
study that should yield information of sgnificant mterest 1s the 

between calcium intake and osteoporosis in the 
United States and Japan. Although both calcrum intake and 
osteoporosis are lower in Japan than in the United States, the 
reasons underlying these marked differences are not clear. Fur- 
thermore . Japanese ingest much more polyunsaturated omega- 
3 fatty acids and less saturated fat than Americans. Japanese 
also suffer more from cerebral biceding and less from heart 
attacks than Americans, but the percentage of deaths duc to 
cardiovascular disease 1s about the same in cach country. Whether 
these associations arc mdirect manifestations of different life- 
styles or cause-effect relations? ips is currently being probed 
Thus, the fostering of well-controlled comparative studies in 
the two countries should be a major achhevement of the Pro- 
gram. 

Cooperative efforts on basic mechanisms of oxidative stress 

















and endogenous mediators as well as on the development of 
new indicators of nutrbonal status should also be most frumful 


CURRENT AND FUTURE GOALS 


The five current pnorty arcas are all umportamt. state-of- 
the-art topics im nutritional science. They are also central to 
an improved understanding of the relapomshup between nutrn- 
ton and chromic disease. Furthermore, all have attracted the 
interest of leadung scientists and active research growps im both 
countnes. Thus. the five current prority arcas will probably 
continue without significant modification for several years 

Annual sympossums will contimuc to serve as a major means 
of simulating professional micracnon and of summarizing satc- 
of-the-an information and concepts about poorty arcas. A 
symposium on regulatory mechanisms im bone metabolim will 
be held in Kobe. Japan. m late October 1990. and another on 
biotechnology im nutrition is being planned for 1991 mm Be- 
thesda. Maryland. As im the past. these papers will be pub- 
lished 





Collaborative research cfforts and mmtcrachons between 
Amencan and Japanese scicntists are beong strongly fostered 
Two such jout projects have been metiated wathin the Panci. 
and others are m the offing Amencan and Japanese scicntrsts 
now participate actively m micrnahonal mectings held m both 
countnes. Young Amencan and Jepancee scicntists are also 
being cncouraged to develop such mtcrcultural professional 
tes. relabonshups that ought well comtenuc for a lifctume 

Funding for cooperative international research has been in 
short supply for the past decade. Happily. the situation is im- 
proving. m part duc to the activities of the National Science 
Foundation im the United States. the Japan Socicty for the 
Promotion of Science. and private foundations. The NIH. be- 
sades its intramural mmternational fellows program. also fosters 
some discase-related ternational activites Current prorty 
arcas should attract the iterest and support of these groups 

The outlook for the next S years. therefore, is promising 
Through its actvines. the LS Japan Malnutrnon Panel should 
continuc to play a significant role m fostering scientific co- 
operation and imicrachon among nutritonal sc- 
entists m the United States and Japan im the future 


PROJECTS SUPPORTED BY THE PROGRAM 


Investigator and Institution 


Title 


GRANTS 


GJ. Anderson 

Oregon Health Sciences University 
JK. Beckman 

Vandertult University 
NJ. Benevenga 
University of Wisconsin Madison 


BR. Bistrian 
New England Deaconess Hospital 


R.S. Chapkin 
Texas Agni and Mech University College Station 


G.F. Combs, Jr. 
Cornell University Ithaca 


W_E. Connor 
Oregon Health Sciences University 


P.R. Daliman 
University of California San Francisco 


H.F. DeLuca 
University of Wisconsin Madison 
R.A. Di Silvestro 

Oho State University 


J.A. Gelfand 
Tufts University School of Medicine 





Dietary n-3 fatty acids: transport and uptake into brain 


Effects of dictary fat on lipid serouidative imjury 


Effect of age on sulfur amino acid metabolism 


Nutritional determinants of lem production 


Dietary significance of gammalinolemic acid 


Antagonism of sclemmum function by mercaptans 


Essentiality of dictary omega-3 fatty acid im primates 


Developmental aspects of iron nutrition 


Metabolism and function of the fat-soluble vitamins 


Marginal copper intake effects-SOD & lipid peroudation 


Pathotology of intravenous lipid emulsions in children 
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Japanese Malnutrition Panel 


BROAD GOALS 


The overall goals of the Mainutrition Panel are to eradicate 
malnutrition in the world and prevent chronic diseases in adults. 
For these purposes, both the U.S. and Japanese Panis agreed 
to adopt the following five priority areas: 1} nutritional aspect 
of bone diseases; 2) nutritional assessment; 3) polyunsaturated 
fatty acids; 4) endogenous mediators; and 5) sulfur containing 
amino acids. 


PROGRESS IN PRIORITY AREAS 


Nutritional Aspects of Bone Diseases 


The aim of this area is to examine any possible relationships 
between dietary calcium and the bone status of old women. 
To examine any possible relationships among dietary and life- 
style factors and the bone status of Japanese women in two 
different life periods, a cross-sectional study was undertaken. 
Age showed a strong, negative correlation with all bone pa- 
rameters and for the postmenopausal group, lactation length 
was negatively associated with bone parameters. Analysis of 
3-day food diaries showed a low overall mean intake of dietary 
calcium in both groups, 467 mg Ca/day compared to the rec- 
ommended level of 600 mg/day. There were positive corre- 
lations between higher past calcium intake and bone parameters. 

As risk factors for osteoporosis, female sex, menopause, fair 
skin, insufficient muscle mass, low body weight, low peak 
bone mass, early menopause, insufficient exercise, low cal- 
cium intake, smoking, drinking water, drinking alcoholic bev- 
crages, high protein, high phosphorus, high Na, fiber-rich dict, 
and low sunshine exposure have been suggested. In a nutri- 
tional survey on Japanese women aged 35-40 and 55-60, 
women living in agricultural villages were found to take less 
calcium both in the past (12-15 years of age) and at present 
than those living in the city. Although bone mineral content 
at the radial diaphysis was similar between the two districts in 
the younger age group, a significantly low bone mineral content 
was found in women aged 55-60 living in agricultural villages 
compared to their counterparts in the city. Bone mass tended 
to be higher in women actively engaged in exercise than in 
those leading a sedentary life. Calcium intake and exercise 
appear to be important risk factors for osteoporosis. 

A comparison between Japanese and U.S. populations was 
carried out. In 1986, University of North Carolina-Kobe Uni- 
versity Cooperative survey was conducted on the nutritional 
intake and bone mass of the pre- and postmenopausal women 
age 35-40 and 55-60 around Kobe. Both groups of women, 
especially the postmenopausal group, showed lower radical 
bone mineral density than caucasians of corresponding age in 
North Carolina. 


Vitamin D-deficient rats were constantly infused with SOmg 
100H/day of 1.25(CH),D3 using osmotic minipump. These 
results demonstrated that 24, 25(OH) 2D3. without conversion 
into 1,24,.25OH)3D3 accelerates the metabolic clearance of 
1,.25OH)2D3, and suggested that 24, 25(OH)2D3 can have 
therapeutic value for the treatment of hypercalcemia and hy- 
percalciuria induced by 1.25(OH)2D3. Effect of ascorbic acid 
(AsA) deficiency on the regulation of 25-hydroxyvitamin D3- 
la-hydroxylase (1 alpha OHase) was examined using gencti- 
cally AsA-deficient osteogenic disorder (OD) rats. Renal | 
alpha OHase activity and serum |.25(OH)2D level in response 
to parathyroid hormone (PTH) infusion or PTH plus calcitonin 
(CT) infusion were markedly suppressed in thyroparathyro- 
idectomized OD rats. Serum calcium was not different in any 
groups between OD and control rats. These results demon- 
strated that renal | alpha OHase activity ts suppressed in AsA- 
deficient OD rats both without stimulation and after stimulation 
with PTH and CT. and that the effect of AsA deficiency ts not 
mediated by changes in serum Ca or Pi levels. It is suggested 
that AsA plays an important role in the regulation of renal | 
alpha OHase activity similar to its role in the maintenance of 
adrenal mitochondrial steroid hydroxylase. 

Studies of calcium and aging was carried out using aortic 
calcification. In a clinical study, significant relationship be- 
tween aortic wall stiffness and radical bone mineral content 
was identified. The stiffness of the aortic wall is known to 
increase with aging and the phenomenon is considered to result 
mainly from the accumulation of calcium in the wall. On the 
other hand, bone mineral content is known to decrease with 
aging. In this study, a significant negative correlation was 
found between the aortic wall stiffness and calcium content in 
the bone. This suggests that the decrease in bone mineral con- 
tent could be a risk factor for the increase in the aortic wall 
stiffness. 

Reevaluation of recommended dietary allowance of calcium 
intake in elderly Japanese women was studied. Calcium intake 
is an important factor in the development of osteoporosis. The 
recommended dietary allowance (RDA) of calcium intake in 
Japan is considered to be 600 mg/day. In order to reevaluate 
RDA in the elderly Japanese women, the calcium balance study 
was performed in 13 subjects; 6 with osteoporosis (age 75 + 2) 
and 7 without osteoporosis (age 72+ 2). Calcium balance in 
the individual subject was evaluated by measuring the intake 
of calcium (food) and the output (feces, urine, and skin loss) 
every 2 or 3 days. The mean requirement for all subjects was 
595 + 144 mg/day (mean + SD). The value for the subjects with 
osteoporosis was higher than for the subject without osteo- 
porosis (640 + 138 vs. 543 + 166 mg/day). RDA was calculated 
to be 832 mg/day. These results suggested that more calcium 
intake is necessary to maintain the positive calcium balance in 
the elderly Japanese women, especially those with osteopo- 
rosis. 

















Nutritional Assessment 


Assessment of nutritional status including clinical studies for 
tot] parental nutrition were studied. The A-mode type ultra- 
sonic device for measuring fat thickness can measure subcu- 
tam-ous fat thickness more accurately than the skinfold caliper 
method. The estimation formula using data of ultrasonics was 
improved as follows. Body Fat Mass = a,X, + aX, + b 


X,X,: subcutaneous fat thickness (mm) at body sites 
4, .4>.b: parameters estimated by sex and age 


The parameters, a,, a), b, are estimated by multiple regres- 
sion analysis of practical data which measured both of sub- 
cutaneous fat thickness and girth length in cach of 34 male 
cases and 34 female cases. 

A survey on obesity in ial and profes- 
sional factors were studied. A large number of data for sub- 
cutaneous fat thickness measured by ultrasonic device were 
collected in order to establish a new standard of obesity which 
would be more reliable than skinfold caliper measurement. 
Subcutaneous fat thickness and clinical examination was done 
in two districts, i.c., Hase, Kami-Ina, Nagano Prefecture on 
an agricultural and rural population and Ota-ku, Tokyo on 
urban merchants who were members of the Merchant Union 
in 1988. 

Results are as follows: 


1. In rural populations which are agricultural, workers have 
less subcutaneous fat than urban merchant populations. 

2. The differences could be caused by accumulative effects 
of residential and professional factors, so that it is impossible 
to identify a clear effect of any single factor. 

3. In spite of the results mentioned above there is little 
difference among these populations as to Body Mass Index 
(BMI) which is calculated using body height and weight with- 
out any measurement of subcutaneous fat mass. 

4. The relationship between subcutaneous fat thickness and 
clinical examination data is not always clear as related to sex 
or habitation. 


A survey of nutritional status for aged people was carried 
out in August 1985 at Kyoto. The subjects were 30 males and 
19 females. The intake of the nutrients was almost normal for 
the dietary allowances of this age. The blood status was normal. 
A correlationship between blood pressure and salt intake could 
not be found. The energy intake was almost matched by energy 
expenditure as measured by the pedometer. The nitrogen bal- 
ance was slightly positive in both sexes. It seems that subjects 
of this survey were healthy and had a good blood picture 
because of good food habits. 

Food intake and physical development in children under 
welfare care were investigated. The height and weight of 65 
boys and 56 girls aged 6-14 were measured monthly from June 
1984 to June 1985. Food intake of 55 boys and 51 girls was 
also investigated during 3 days in August. From the viewpoint 
of the intake of the food or their body status, the subjects were 
seen to have a poor nutritional status but from the normal 
growth rate and positive nitrogen balance, their nutritional sta- 
tus was not abnormal. 

Effect of dietary composition on energy metabolism was 
investigated with special respect to thyroid hormones. Energy 


metabolism. one of the most fundamental functions of the 
living body. ts affected by various factors. Among the factors. 
dict is undoubtedly important. Therefore. the significance of 
dietary Composition in changes of scrum levels of thyroid hor- 
mones was explored in rats fed vanous synthetic dicts. Some 
important results are as follows: |, High-carbohydrate. low- 
protein dict was confirmed to raise serum levels of T, and high- 
protein, low-carbohydrate dict to lower scrum T, levels. High- 
fat, low-protein dict also caused a rise of scrum T, levels. 2. 
Dietary carbohydrate and fat at a high content changed serum 
T, levels in the same direction, but the mechanisms responsible 
to cause high T, levels might be different between the two 
macronutrients. The effect of high-fat dicts in raising the scrum 
levels of T,. was detected in 7- and |3-week rats but not in 
20- and 40-week animals. But, it can not be concluded whether 
age or obesity is the more important cause for the response ~— 
aged animals to high-fat dict. 

Plasma levels of retinol, RBP, TTR, and free holo-h ''” 
were determined in patients with obstructive jaundice (OJ) anu 
in apparently healthy volunteers. The threshold of taste acuity 
was also determined in patients with OJ during the clinical 
(PTBD). Plasma retinol, RBP, and TTR levels were signifi- 
cantly decreased in patients with OJ, whereas free holo-RBP 
levels were not always decreased in comparison to the healthy 
controls. Taste acuity was also decreased in most of patients 
with OJ although in two patients, whose plasma free holo-RBP 
levels maintained within normal limits, taste acuity was well 
preserved. Impaired taste acuity was rapidly improved in all 
patients who received PTBD, free holo-RBP levels. Therefore, 
it is suggested that taste acuity is affected by free holo-RBP 
from which retino! ts delivered through a specific receptor for 
RBP on the taste »uds. 

The hepatic uptake of retiny! palmitate-labeled chylomicron 
and intercellular as well as intercellular transport of vitamin A 
in rat liver was investigated. It was suggested that, once re- 
ceived by the parenchymal cell, vitamin A was rapidly trans- 
ferred to the stellate cell and was deposited in the lipid droplets. 

Availability of dictary iron in the elderly 60 years of age 
and older was estimated. Sixty-eight elderly Japanese, whose 
serum ferritin levels were over 1Smg/ml, were selected. Iron 
stores of almost all the members of the population were con- 
sidered to be in the range of 300-2,400mg from the serum 
ferritin levels. Based on the value of basal losses of 14 alpha/ 
kg of body weight/day, the average of iron requirement of the 

ion was calculated to be about 0.8meg/day for males 
and 0.7mg/day for females. The amount of available dietary 
iron was estimated by the analysis of daily dietary records. 
When the iron store was assumed to be about 500mg, the 
estimated percent of absorbable iron was about 8% and its 
amount was 0.8~1.0mg/day. When the iron store was assumed 
to be about | 000mg, the estimated percent of absorbable iron 
was about 4.5% and its amount was 0.5-0.6mg/day. 

Serum ascorbic acid concentration in a healthy elderly pop- 
ulation as related to its dietary intake was studied. Ascorbic 
acid status was studied in 175 free-living and healthy elderly 
people aged 63-81, who were not using ascorbic acid supple- 
ment. Mean dietary intake for females was 3.2 + 1.3 mg/kg of 
body weight/day (n = 96) and was significantly higher than 
for males, 2.72 1.1 mg/kg/day (n = 79). The mean serum 
ascorbic acid concentration for females was 1.11 + 2.3 mg/ 
100m! and was significantly higher than for males, 








0.91 = 0. 30mg/ 100ml. It was estimated that intakes needed to 
maintain a scrum ascorbic acid concentration of 1.0 mg/100 
mil would be about 2 mg/kg of body weight/day for females 
and 3.5 mg/kg/day for males. Smokers had lower scrum as- 
cortic acid levels and lower dictary ascorbic acid intake than 
did nonsmokers. Of dict. sex, and smoking. ascorbic acid 
imtake was the most important predictor of its serum concen- 
tration, accounting for about 16% of its total variation. 
Mortality from cardiovascular disease in Okinawa is only 
about 59% of that of all Japan. Elderly people living on the 
solated islands m Okinawa have been studied nutritionally. 
The effects of eicosapentaenoic acid have been reported, but 
m some farming areas of Okinawa. such as Izena, fish intake 
is not high. In Okinawa, the intake of pork which is rich in 
monounsaturated fatty acids (MUF), is 151% of that of average 
Japan. MUF is reported to lower LDL of Americans whose 
total cholesterol level is high. In Izena, HDL cholesterol level 
(59.9 + 14.5 mg/dl total cholesterol = 211+ 39 mg/dl, n = 
565) and MUF of both diet (29% of total FA) and serum (16% 
of total FA) were all high. In some area pork intake was 75 
g/day/capita. Thus, an experimental pork diet (100 g/day/cap- 
ita) was given to 20 volunteers. During 5 days. on average. 
serum HDL-cholesterol was clevated from 65 to 70 mg/dl 
(P<0.001), but total cholesterol (190 mg/dl) was hardly changed. 
High intake of seaweeds and soybean, 124% and 123% of 
average Japan, respectively was also characteristic of Okinawa. 
Kombu (a seaweed, 200 g wet weight) combined with the pork 
dict reduced cholesterol from 184 to 178 mg/dl (P<0.01). 
Cholesterol intake in Okinawa and all of Japan was 350 and 
300 mg/day, respectively. Very low urinary Na(127 + 101 mE 
day) and high serum aldosterone (123 + 104 pg/ml) may con 
tribute to the low incidence of hypertensives in Okinawa. 


Nutritional significance of unsaturated 
fatty acids. 


Polyunsaturated fatty acids, especiaily n-3 fatty acid that 
was contained in fish oil and effective for cardiovascular dis- 
cases, were investigated. 

Another study is the role of apok in the metabolism of 
lipoproteins containing apoB 100. Apolipoprotein B100 is a 
constant component of VLDL. IDL. and LDL. lodinated VLDL. 
IDL. and LDL were injected intravenously into normal and 
LDL receptor-deficient rabbits. Results from normal rabbits 
indicate that apoE is a major determinant of the metabolic rate 
of VLDL. In receptor deficient rabbits, defective removal of 
both B and B, E particles in all three lipoprotein classes, cou- 
pled with preserved processes of dilapidation, were observed, 
and can account for the increases in the concentration of apo 
B 100. 

Effect of cholesterol-free diet on plasma cholesterol in het- 
erozygous familiar hypercholesterolemia was studied. Seven 
patients with a mean plasma cholesterol concentration of 323 + 67 
mg/dl were hospitalized in a metabolic ward and kept on a 
cholesterol-free diet for as long as 11 days without any med- 
ication. The content of dietary fat, carbohydrate, and protein 
was 18%, 69.2%, and 12.8% of calories, respectively. The 
concentrations of plasma and lipoprotein lipids and plasma 
apoproteins were determined every 2 days. At the end of the 
study, plasma cholesterol was lowered by 14.2% from 323 to 
277 mg/dl, and low density lipoprotein (LDL) cholesterol by 
17.5% from 229 to 189 mg/dl. High density lipoprotein (HDL) 


cholesterol concentration decreased slightly. from 41 to 35 mg 
di. These results indicated that restriction of the mtake of di- 
etary cholesterol 1s highly effective in controlling plasma cho- 
lestercl levels in heterozygous familiar hypercholesterolemia 


Endogenous mediators and nutritional 
metabolism 


Fever, anorexia, decrease of energy production. and other 
symptoms were reported as host-defense mechanisms against 
infection. Interieukin-! and cachectic. known as the endoge- 
nous mediators of above reactions, were investigated nutri- 
tionally. A high cholesterol dict induces marked alterations of 
plasma lipoproteins. One of them is that the plasma contains 
a specific VLDL beta-migrating lipoprotein referred to as beta- 
VLDL. The lipoprotein has been regarded as an atherogenic 
one. In the present study. the effect of high cholesterol diet- 
induced lipoproteins and macrophages was examined. Rat al- 
veolar macrophages collected by bronchoalveolar lavage from 
a rat fed a high cholesterol dict for 3 months were significantly 
larger in size than those from a control rat. When macrophages 
were cultured for 4 hours, the cells from a cholesterol-..d rat 
secreted more amounts of lipoprotein lipase (LPL) than those 
from a control rat. In the second experiment, cultured alveolar 
macrophages from normal rats were incubated for 2 days with 
the VLDL obtained from rats fed a high cholesterol diet for 3 
weeks. H ic rat VLDL increased markedly 
the cellular contents of both cholesterol and triglyceride. The 
VLDL stimulated the secretion of LPL. It ts speculated that 
macrophages residing in the environment nch in hypercholes- 
terolemic lipoproteins induced by high cholesterol feeding take 
up the lipoproteins and accumulate lipids intracellularly. and 
that this process is linked with the LPL secretion. Probably 
such events are of importance in the foam cell formation of 


Catabolic effects of interferon gamma, interferon beta, PDGF. 
and TGF beta on lipid turnover in 43-L1 cells were studied 
The effects on lipid metabolism of cachectic/ TNF, IL-1 inter- 
ferons, TGF beta, and PDGF. which are known to produce 
Closely interacting activities in many tissues, were examined 
in 3T3-L1 adipocytes. Among the cytokines examined, IFN 
gamma showed the strongest suppression of LPL activity. IFN 
beta and PDGF showed less marked LPL suppression. TGF 
beta showed a suppressive effect on LPL activity, but to a 
much smaller degree compared with that of INF beta or PDGF 
In contrast to these effects on LPL the effects of IFN beta, 
TGF beta, PDGF, or IFN gamma on lipolysis were minimal, 
if any. These results suggest that these cytokines Cooperate to 
produce metabolic changes in the host in response to invasions 

Effects of various cytokines on adipocyte conversion of 3T3- 
LI preadipocytes were investigated. The effects of cachectic’ 
TNF, IL-1, IFN gamma PDGF, TGF beta on growth and dif- 
ferentiation of 3T3-L1 cells were examined. This fibrobiastic 
cell line can be induced to differentiate into a mature cell type 
having the biochemical and morphological characteristics of 
normal adipocytes. At various stages of growth and differen- 
tiation, 3T3-L1 cells were exposed to cachectic/TNF or one of 
the other cytokines for 24 hours after which cytotoxicity or 
differentiation was evaluated. During log-phase cell growth, 
cachectic/TNF had no significant effect on cell viability, and 
the pre-adipocytic cells were also resistant to the cytotoxic 
effect of cachectic/TNF at the contact-inhibited confluent stage 





However, when cachectic TNF was added to the cells during 
induced differentiation, only 20°% of the cells survived. After 
differentiation into adipocytes. cells regained their resistance 
to cachectic/ TNF-induced cytotoxicity. Cachectic/ TNF also 
markedly affected the differentiation of 3T3-L1 cells into adi- 
pocytes. When cells in the confluent phase of growth were 
exposed to cachectin’ TNF for 25 hours their subsequent hor- 
mone-induced differentiation to adipocytes was inhibited. Like 
cachectic/ TNF, IL-1, IFN gamma, PDGF. or TGF beta also 
induced suppression of lipoprotem lipase in 3T3-L1 adipocytes: 
however, contrast to cachectic'GNF, IL-1 and the 3 cytokines 
had no or very little effect on the viability or differentiation of 
preadipocyte 3T3-L! cells. These results indicate that cach- 
ectic/TNF may play a normal rolr in controlling the devel- 
opment of adipose tissue as well as metabolism in mature 


Sulfur containing amino acids 


Studies on sulfur amino acids, methionine, cysteine, taurine, 
and glutathione were investigated nutritionally. It has been 
demonstrated that taurine plays an important role in the function 
of excitable tissues such as the central nervous system, retina, 
heart, and that taurine may be an essential nutrient for infants. 
However, the biosynthetic ability of taurine in adult human 
subjects is still uncertain, since the effects of exogenous taurine 
and the efficiently regulated taurine pool make the conclusion 
from human experiments complicated. 

In order to clarify the possibility of taurine formation from 
cysteine, the sulfur amino acid metabolism in a patient re- 
ceiving total parenteral nutrition was examined. The patient 
had part of his digestive tract removed with only the stomach, 
duodenum, and a small part of jeyunum with a jejunum fistula 
remaining. He had been fed by total parenteral nutrition after 
the operation. The daily intake of cysteine and methionine was 
92 mg and | 732 mg respectively. The taurine content in blood 
and urine gradually decreased to one hundredth of normal level 
at about 100 days after operation and the infusion of glutathione 
(600 mg per day). possible precursor of taurine, was started 
at that time and continued for about 3 months. The taurine 
contents in blood and urinc increased during the 3 months of 
infusion but decreased gradually after termination of infusion 
and returned to the orginal levels. 

These findings suggest that the taurine biosynthesis from 
cysteine may be possible in humans, but the rate of synthesis 
is limited, and supplementation of taurine may be needed for 
long-term TPN. 

The cysteine dioxygenase activity in rat liver is induced by 
the injection of cysteine or methionine in the presence of per- 
missive quantities of glucocorticoids and also increased by the 
decrease of dietary protein bioavailability affecting by its amino 
acid limitation with concomitant increase of urinary taurine. 
These findings imply that cysteine dioxygenase and urinary 
taurine may be available as possible indicators of essential 
amino acid requirements in the rat. 

Protein and amino acid compositions of human milk taken 
from mothers delivering term and preterm were studied. In 
Japan, few reports concerning human milk composition exist. 
In this study. the differences in the composition of mature and 
premature human milk taken from one breast were examined. 
1) Material: 70 samples of mature milk from mothers who gave 


birth to full-term babies and 65 samples of premature milk 
from mothers whose babies were born before term. 2) Methods 
A total of 136 milk samples were divided into 4 groups: Group 
A consisted of milk taken from 3—5 days after the baby's birth. 
group B of milk from the 6th to 10th day. group C of milk 
from the I ith to 20th day, and group D of milk taken from 
the 21st day after delivery to two months. Then the compo- 
sitions of mature and premature milk were compared with 
regard to protein, fat, energy. amino acids, its NPN content, 
and dry weight. Chronological changes in mature and pre- 
mature milk in the four groups were also examined. 3) Results: 
In comparing mature and premature milk. prominent differ- 
ences were observed only in the concentration of taurine. There 
were no significant differences between mature and premature 
milk, but there was a higher protein concentration in premature 
milk. No significant tendency among the components studied 
were observed. From previous report, it was suspected that 
preterm milk would tend to have relatively high protei and 
low fat concentrations, but only a high taurine concentration 
and a slightly higher concentration of protein were observed. 
It was suggested that the discrepancies between previous re- 
ports and the present one may be due to the fact that previous 
studies examined only milk discharged at the end of nursing. 
while samples were taken at the beginning, midway. and at 
the end of nursing in the present study. 

Effects of L-methionine (Met) addition to soy protein isolate 
(SPI) dict on tissue free amino acids, particularly sulfur-con- 
taining amino acids, were investigated im pregnant rats. The 
experimental results indicate that the prenatal brain growth was 
not specifically affected by excess of dietary Met, at least, to 
the 21%. The concentration of Met in fetal brain was affected 
by addition of excess Met to the dict, while that of Met in 
dam's plasma was not. On the other hand, the concentrations 
of taurine in dam's plasma and fetal brain were not affected 
by dietary excess of Met. Thus, the significant relation between 
concentrations in dam's plasma and fetal brain was not obtained 
in each of Met and taurine. 


SIGNIFICANT ACCOMPLISHMENTS 


Sparing Effect of Excess Calories for Protein 
Requirement 


In 1985, FAO WHO UNU published the recommended al- 
lowances of the requirement of protein for humans. This value 
was lower than the former RDA. To investigate the quantitative 
effects of energy and N intakes on N utilization, 67 young men 
were fed low protein dicts varying in whole egg protein and 
energy for 2 weeks. The N balance was markedly affected, 
not only by the N intake, but also energy intake. From this 
experiment, the conclusion drawn, using young men with en- 
ergy and egg protein intakes near maintenance level, is that 
the efficiency of N utilization was greatly affected by energy 
intake. The efficiency rate of energy intake upon N balance 
was estimated to be higher, about 21.7 times in unit change 
and by 1.3 times in percentage from maintenance than the 
efficiency of N intake. The increasing rate of NPU with in- 
creasing energy intake and the decreasing rate with increasing 
N intake were also evaluated quantitatively. In short, the pro- 
tein sparing effect of dictary energy seems to be more important 
than the protein intake itself. 











High Consumption of Vitamin C on Stress 


Consumption of Vitamin C is increased by stress. The pro- 
duction of epinephrine is also increased by stress. The activity 
of tyrosine hydroxylase. the rate-limiting enzyme of epineph- 
rine biosynthesis, in a homogenate of the adrenal gland de- 
creased in scurvy, and recovered after the administration of 
ascorbic acid. Immunochemical analysis indicated that there 
was a constant amount of immunochemically precipitatabiec 
enzyme per unit of enzyme activity indicating that the increase 
of enzyme activity, following the administration of ascorbic 
acid resulted from an increased amount of the enzyme protem 


New Estimation Method for Dietary Protein 


It has been established that the new nutritional evaluation 
of dietary protein quality, along with the sulfur amino acid 
metabolism could be used as a possible indicator. The cysteme 
dioxygenase activity in rat's liver is reduced by an injection 
of cysteine or methrome in the presence of permissive quantities 
of glucocorticoids and 1s also increased by decreasing dictary 
protein bioavailability. affected by its ammo acid limitation 
with concomitant increase of urinary taurine. These findings 
imply that cysteine dioxygenase and urinary taurine may be 
available as possible indicators of essential amino acid require- 
ments in rat. 


Food Survey of Okinawa Area, Longest Life 
Span Expectancy in the World 


Japanese lifespan expectancy 1s the longest in the world and 
Okinawa is the best area in Japan. The mortality from cardio- 
vascular disease in Okinawa is only about 50% of the entire 
country. The elderly people living on the isolated islands of 
Okinawa have been studied clinically and biochemically since 
1977. Therefore, a food survey was performed in Okinawa 
The intake of pork which ts nch in monounsaturated fatty acids 
(MUP), is 151% of the average Japanese dict. MUF is reported 
to lower LDL in Americans with high cholesterol levels. In 
some areas, pork intake was 75 g/day/capita. Thus, an exper- 
imental pork diet (100 g/day/capita) was given to 20 volunteers 
During a S-day period, average serum HDL-cholesterol was 
elevated from 65 to 70 mg/dl, but the total cholesterol level 
(190 mg/dl) was hardly changed. The high intake of seaweed 
and soybean, 124% and 123% of average Japanese. respec- 
tively, was also characteristic of Okinawa. Kombu combined 
with the pork dict reduced cholesterol level from 185 to 178 
mg/dl. Very low urinary Na and high serum aldosterone may 
contribute to the low incidence of hypertension in Okinawa 
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Serum Cholesterol-lowering Activity of Human 
Monocytic Colony-stimulating Factor 


Investigators studied the scrum cholestcrol-lowenmng activity 
im human monocytic colony-stemulating factor m seven boys. 
who were injected daily. over a period of 7 days. with purified 
native human monocytic colony-stimulating factors. The av- 
crage percentage decrease was 20%. The most likely mecha- 
nisms might be a decrease in cholestcro| synthesis or an mcrease 
in cholesterol cxcretion 


FUTURE GOALS 


Bone Diseases and Nutrition 


A comparative study with Japanese and US. postmenopau- 
sal and premenopausal women will be carned out. The vari- 
ables being measured include: bone density, current calctum 
intake, estimated past calcrum imtake, and physical activity 


Nutritional Assessment 


Standardization of nutritional undicators must be established, 


and application of new techniques, gas chromatography. mass 
spectormetry, new techmigues for bone density, ultrasound for 


body composition, and nuclear magnetic resonance. should be 
used for clinical nutritional studies 


Polyunsaturated Fatty Acids 


Omega-3 fatty acids, or essential fatty acids and nutrition, 
prevention of cardiovascular disease, and relevant develop- 
ments in prostaglandins will be investigated 


Endogenous Mediator 


The emphasis on cytokines and their regulatory role on im- 
mune function with special emphasis on in vivo observations 


will be urgent 


Sulfur Containing Amino Acids 


This priority area should be changed to antioxidants and 
nutrition involving sulfur amino acids, rethinonds. carotenonds, 
tocopherol, certain trace clements such as selenium. and their 
dietary constituents 
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Joint Scientific Conferences 


MALNUTRITION PANELS 


Date: July 15-17, 1985 


Place: Bethesda, Maryland 

Summary: In response to an overall review of the objectives 
of the U.S.-Japan Malnutrition Panel, a symposium was planned 
in conjunction with the 20th anniversary of the U.S.-Jupan 
Cooperative Medical Science Program. Topics presented were 
indicative of future directions of the joint panel and included 
(1) nutritional significance of unsaturated fatty acids, (2) sulfur 
containing amino acids, (3) endogenous mediators of nutri- 
tional metabolism, (4) nutritional aspects of bone disease, and 
(5) nutritional assessment. This symposium was planned to 
help the U.S.-Japan Malnutrition Panels revise their research 
guidelines to match the available expertise in both countries. 
In this way, the development of a truly collaborative research 
program could be facilitated. 


Date: September 28-30, 1986 


Place: Osaka, Japan 

Summary: The priority area of nutritional assessment was 
highlighted in the symposium on assessment of marginal nu- 
tritional status: Basic and clinical consideration. This very suc- 
cessful 2-1/2 day program also included an evening poster 
session in which many junior investigators from both Japan 
and the United States participated. This session demonstrated 
excellent progress and discussions and research oriented in- 
teractions. The formal sessions at the symposium included 
presentations concerning new technologies applied to nutri- 
tional assessment and clinical measures of nutritional assess- 
ment for populations as well as for individuals. Throughout 
the meeting, opportunities for new collaborative research in 
the various priority areas were emphasized. The proceedings 
of the symposium were published as a supplement to the Jour- 
nal of Nutritional Science and Vitaminology (33: supplement, 
$1-S48, 1987). 


Date: April 27-29, 1987 


Place: San Diego, California 

Summary: The U.S.-Japan Malnutrition Panel cosponsored 
the International Symposium on Clinical Nutrition which in- 
cluded sessions on nutrient control of GI hormones, cancer 


and nutrition, essential fatty acids, protein energy malnutrition, 
and calcium interactions with osteoporosis and hypertension. 
Following the international symposium on clinical nutrition, a 
special workshop was held entitled *‘International Aspects of 
Dietary Guidelines.*’ Within this workshop presentations were 
made representing the dietary guidelines of the United States, 
Australia, Europe, Korea, India, and Japan. A summation of 
this symposium was published in Nutrition Reviews (46: 237- 
240, 1988). 


Date: September 25, 1988 


Tokyo, Japan 


Summary: The symposium entitled **Polyunsaturated Fatty 
Acid in the Aspect of Nutrition and Clinical Medicine’’ was 
held as a satellite to the World Congress of the International 
Society for Fat Research and the Japan Oil Chemists Society. 
This symposia emphasized the relative influences of omega-3 
and omega-3 fatty acids towards lipid metabolism and the de- 
velopment of various clinical diseases. Because of the presence 
of many other international attendees at the meeting, much 
interaction occurred toward developing many new scientific 
relationships. 


Place: 


Date: June 2, 1989 


Place: New York, New York 

Summary: This symposium on Cytokines and Metabolism 
was held in conjunction with a New York Academy of Sciences 
Conference entitled ‘Micronutrients and Immune Functions." 
The malnutrition symposium covered topics involving the 
crossroads of nutrition and immunity, including cytokines and 
the metabolic effects they mediate. Topics included presen- 
tations on the nature and regulation of metabolic responses to 
cachectin/TNF, and its potential role in pathogenesis of septic 
shock; interleukin-1 effects on appetite and the effects of di- 
etary fatty acids; effects of various cytokines on adipocytes; 
alterations of cytokine metabolism in response to tissue injury; 
changes in cholesterol metabolism in response to various cy- 
tokines; and the potential influence of cytokines in the patho- 
genesis of senile osteoporosis. The papers within this symposium 
will be published as part of the Annals of the New York Acad- 
emy of Sciences. 
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Dr. Bruce Greene 
Chairman (1989—Present) 


Dr. Greene received his M.D. from Johns Hopkins University. His interest in 
parasitology was stimulated upon his introduction to schistosomiasis research during 
an infectious diseases fellowship at Vanderbilt Medical School. He has proceeded 
to develop his interests in tropical medicine and parasitology as a faculty member 
at Case Western Reserve University and, currently, as the Chief of the Geographic 
Medicine Division at the University of Alabama Medical School. His own research 
centers on the control of onchocerciasis, and involves both laboratory and clinical 
investigation. He was appointed to the Parasitic Diseases Panel in 1985 and became 
Chairman in 1989. During this time, the Panel expanded its efforts to stimulate 
interaction with investigators working on malaria research, as well as schistosom- 
iasis and filariasis 


Dr. Daniel Colley 
Chairman (1985—1988) 


Dr. Colley received his doctorate in microbiology from Tulane University and 
did postgraduate training in immunology at Yale. His long-term interest in parasite 
immunology was initiated by a period of postdoctoral training in Brazil where he 
was introduced to schistosomiasis research. He has subsequently developed an 
international research effort from Vanderbilt University dedicated to the study of 
parasitology and tropical diseases. His studies have centered on the nature of im- 
munopathogenesis and immunoregulation in chronic parasite infection and have 
encompassed field research in the West Indies, Egypt and Brazil. Dr. Colley joined 
the Parasitic Diseases Panel in 1978 and served as Chairman from 1985 to 1988 
During his association with the Panel, the scientific emphasis continued to shift 
from descriptive biology of the schistosomes and filarids to consideration of the 
host-parasite relationship at the immunologic and molecular level 











Dr. Lawrence Ash 
Chairman (1978—1984) 


Dr. Ash received his doctorate in parasitology from Tulane University. and has 
worked in filanasis research in New Caledonia and at the UCLA School of Public 
Health. His discovery that the Mongolian jird would support the development of 
Brugia pahangi and B. malayi in the laboratory has spurred filariasis research since 
the early 1970's, and remains central to current research efforts in this field. Dr 
Ash was appointed as a member of the Parasitic Diseases Panel in 1972. and served 
as Chairman from 1978 to 1984. During his tenure, recognition of the new pos- 
sibilities for application of immunology and molecular biology to the study of 
parasitic infections led to expansion of the Program guidelines to include malaria 
and other vector-borne diseases. Efforts of the Parasitic Diseases Panels during this 
period also led to increased interaction between U.S. and Japanese investigators 
and enhanced scientific exchange between laboratories 


Dr. Franz von Lichtenberg 
Chairman (1973—1978) 


Having obtained his M.D. from the Universidad Nacional of Mexico, Dr. von 
Lichtenberg spent several years studying and teaching pathology in Central and 
South America before beginning his long and fruitful association with Harvard 
Medical School in 1958. His distinguished research career has encompassed several 
pivotal observations on the pathogenesis of schistosomiasis, including detailed de- 
scriptions of the granulomatous process. His devotion to the field of parasitology 
and tropical medicine is exemplified by his service not only to the Program as a 
member of the Parasitic Diseases Panel, but also as a consultant to the National 
Institute of Allergy and Infectious Diseases and the World Health Organization 
Dr. von Lichtenberg was appointed to the Panel in 1971, and acted as Chairman 
from 1973 until 1978. This encompassed a time of increasing interest in parasitic 
diseases and application of modern scientific technology to the field 











Dr. Paul Weinstein 
Chairman (1969-1973) 


Dr. Weinstein received his doctorate in parasitology from the Johns Hopkins 
School of Hygiene and Public Health and subsequently served im the U.S. Public 
Health Service, where he worked on malaria control and diagnositic parasitology 
He later joined the Laboratory of Parasitic Diseases at the National Institute of 
Allergy and Infectious Diseases, National Institutes of Health, later becoming chief 
of that laboratory. He left the NIH to take the chairmanship of the Department of 
Biology at Notre Dame University. Dr. Weinstein’s contributions to the ficld of 
parasitology include the development of in vitro culture systems for nematodes that 
facilitated the study of devclopmental biology im these organisms and allowed 
elucidation of their metabolic and physiologic pathways. He served as a member 
of the U.S. Parasitic Diseases Panel from 1965 to 1973. and as its Chairman from 
1969 to 1973. During this time, research on filariasis, which had been at a relatively 
low level, was particularly stimulated under the auspices of the Program 


Dr. Leon Jacobs 
Chairman (1965-1969) 


Dr. Jacobs served as Chairman of the U.S. Panel on Parasitic Diseases from its 
inception in 1965 until 1969. During that time, he was Chief of the Laboratory of 
Parasitic Diseases and Acting Scientific Director at the National Institute of Allergy 
and Infectious Diseases. He has maintained a strong commitment to international 
tropical disease research and has subsequently held positions as the Director of the 
Fogarty International Center at the National Institutes of Health as well as President 
and Chairman of the Board of the Gorgas Memorial Institute. His research interests 
have focused on toxoplasmosis, trichinosis, enterobiasis, and amebiasis, and he 
served the U.S. Army in the area of malaria control. Under Dr. Jacobs’ chairmanship 
during the early development of the Program, it became clear that physiological. 
biochemical, and immunological studies on filariae and schistosomes, as well as 
studies on the natural history of these organisms, would be facilitated by provision 
for adequate supply of parasites and their vectors to the scientific community, and 
contracts for this purpose were initiated. From its inauguration, Dr. Jacobs has 
supported the opportunity that the U.S.-Japan Cooperative Medical Science Program 
offers for young scientists from both sides of the Pacific to become familiar with 
each other's work and interests 
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Dr. Kazuo Yasuraoka 
Chairman (1988—Present) 


Since 1965, when the Program began, Dr. Yasuraoka has dedicated himself to 
it as a secretary (1965-1978) and a member of the Japanese Parasitic Diseases 
Panel (1979-1988). In the National Institute of Heaith. Tokyo, and in the Institute 
of Basic Medical Sciences, University of Tsukuba, he has continued to study the 
biology of hookworms and schistosomes, in vitro cultivation of parasitic helminths. 
and the control of snail hosts of schistosomiasis. In addition, Dr. Yasuraoka has 
served several times as a WHO Temporary Adviser in the control of schistosomiasis 
in Africa and Southeast Asia. He has been directing the WHO Collaborating Center 
for Chemical Control and Laboratory Culture of Amphibious Snail Hosts of Schis- 
tosoma japonicum at his Department of Medical Biology, University of Tsukuba 
From 1972 to 1981, as a leader of Japanese experts he greatly contributed to the 
success of the Japan-Philippine Collaborative Research Program on the control of 
schistosomiasis in the Philippines. Since his appointment as Chairman of the Jap- 
anese Parasitic Diseases Panel in 1988, Dr. Yasuraoka has been very active im 
involving many younger scientists in parasitological research using newer tech- 
nologies, particularly the use of monoclonal antibodies and recombinant DNA 


technologies 


Dr. Shigeo Hayashi 
Chairman (1979-1988) 


Since graduation from the School of Medicine at the University of Tokyo in 
1947, Dr. Hayashi has been interested in helminthic diseases, especially in their 
epidemiology, and he has been highly successful in introducing statistical techniques 
into parasitology 

He trained many young medical scientists while he held the successive posts of 
Professor of the School of Medicine at Yokohama City University, Director of the 
Department of Parasitology, and Director-General at the National Institute of Health, 
Tokyo. While serving in these posts, he actively participated in the eradication of 
parasitic diseases as a member of several WHO Expert Committees, and strongly 
contributed to international medical cooperation 

From 1979 to 1988 he served as the Chairman of the Japanese Pane! on Parasitic 
Diseases. One of his greatest achievements during his tenure was his ingenious 
coordination of many research projects by Japanese medical scientists, which con- 
tributed greatly to the Program's overall success 











Dr. Muneo Yokogawa 
Chairman (1971-1979) 


Dr. Yokogawa devoted himself to the Japanese Parasitic Diseases Panel as a 
member (1965-1971) and as Chairman (1971-1979). Under his leadership, the 
Panel worked on chemotherapy and pharmacology of antischistosomal and antif!- 
lanal drugs. biological and genetic control of vectors, and immunoscrology. with 
special emphasis on schistosomiasis control m endemic areas in Japan. This work 
resulted in compicte cradication of the disease from the last endemuc region. the 
Kofu Basin. no new cases have been reported there since 1977 

On the other hand, Dr. Yokogawa was instrumental in inviting and encouraging 
young scientists as well as semor investigators to attend local mectings and joint 
conferences s as to stimulate interest in a broad spectrum of screntific fields related 
to schistosomiasis and filarasis. His efforts bore frum and many of the young 
scientists, especially immunologists, jomed m activities of the Japanese Panc! 

Dr. Yokogawa worked closely with the Chairmen of the U.S. Parasitic Disease 
Panel, which facilitated scientific interaction of mvestigators attending the Joint 
Conferences and the sending of young scientists to U.S. laboratornes 


Dr. Manabu Sasa 
Chairman (1968-1971) 


Dr. Sasa has been one of the most outstanding figures in the ficld of medical 
science in Japan. He was involved im the Japan-U .S. Cooperative Medical Science 
Program since its beginnings in 1965. His dedication to the Program was concen- 
trated in the direction of the activities of excellent researchers from both countries 
in the study of specially selected targets. While he served as the Panel member 
(1965-1968) and later as the Chairman of the Japanese Pane! on Parasitic Diseases 
(1968-1971), he concentrated all his efforts only on the two major human parasitic 
diseases, namely, schistosomiasis and filariasis 

Knowledge of both diseases cither in basic research or in applied fields was 
strikingly enriched. It has contributed to the successful control of these diseases in 
many parts of the world. Dr. Sasa was a member of Japanese Delegation from 1974 
to 1988, during which time, Panel guidelines were expanded to include malaria 
and other hemoprotozoan infections. His leadership was effective and essential in 
improving and updating the Program 























Dr. Yoshitaka Komiya 
Chairman (1965-1968) 


Dr. Komiya graduated from the School of Medicine at the University of Tokyo 
in 1925 and as a result of his studies on trematodes, later published an excelicnt 
scientific work entitled, ““The excretory system of digenctic trematodes."” 

He successively held the posts of Professor of the School of Medicine at Gunma 
University, Director of the Department of Parasitology. and Director-General at the 
National Institute of Health. Tokyo. He cageriy studied important problems of 
parasitic discases in addition to guiding many younger scicntists and playing a 
leadership role in the Japanese Society of Parasitology. 

Dr. Komiya worked energetically for the control of schistosomiasis as a member 
of the WHO Exp-n Commitice on Schistosomiasis, and contributed globally to a 
reduction of damage caused by the parasite. 

He was the first Chairman of the Japanese Panel on Parasitic Diseases, serving 
from 1965 to 1968, and as a member of the Japanese Delegation from 1968 to 
1971. The Program greatly benefited from his efforts during its infancy. H's service 
was distinguished, and his contribution was great. 




















GUIDELINES 


PARASITIC DISEASES PANELS 
United States-Japan Cooperative 
Medical Science Program 
The Parasitic Diseases Panels have a primary interest in Parasite Biology: 
research on selected helminthic and protozoal diseases with Host-Parasite Interactions. 
special emphasis on vector-borne parasitic diseases such as, Pathology: 
but not limited to, malaria, schistosomiasis, and filariasis. Immunology. 
Sponsored studies share a long-term goal of alleviation of these Biochemistry, and 


parasite life cycle, and reduction of the amount and effects of 
infection in man by vaccination, chemoprophylaxis, or other 
modalities. Both basic and applied work is supported in the 
following areas: 


Epidemiology: 
Vector Biology and Control. 


Special emphasis will be given to studies designed to explore 
the role of membrane chemistry and antigen differentiation m 
infection and immunity. In addition, the Pancls are concerned 
with supply of parasites and infected animals to mvestigators 
and with availability of research workers in these fields. 














U.S. Parasitic Diseases Panel 


BROAD GOALS 


From the inception of the U.S.-Japan Cooperative Medical 
Science Program im 1965 through the carly 1980's, the focus 
of the Jout Pancis on Parasitic Diseases was restricted to schis- 
tosormasts and filariasis. The current status of these two groups 
of parastics as major causes of human suffering throughout the 
world’s tropical and subtropical regions ts generally litle im- 
proved. In fact, the discases are still spreading im many de- 
veloping countnes. and a 1s generally estemated that cach discase 
these infections 1s low . thew profound effect upon human health 
parasites and microtial agents contributes to substantial mor- 
bidity and places a significant burden on health services in 
developing countries where they occur. The importance of 
these two discases was underscored when, in 1976, WHO 
included schistosomiasis and filariasis as two of the six diseases 
for selected study im them Special Programme for Research and 
Traming in Tropical Dic cases. 

The original 1965 guidelines directed the Panels on Parasitic 
Diseases to focus their activities on the two important vector- 
borne human helminthiases. schistosormasts. and filanasis. This 
rather limited focus was reaffirmed in 1975 when the guidelines 
were reviewed by the Pancls. A wide varicty of studics, in- 
volving both basic and applied research on these two diseases. 
were continued. The success of this Program over the two 
decades of the Cooperative Medical Science Program is clearly 
demonstrated by growth im research publications and the ap- 
pearance of many new investigators pursuing relevant research. 

However, by the carly 1980's it became apparent that ap- 
plication of some of the newer research technologies in im- 


and trypanosomiasis. had considerable relevance for research 
in schistosomiasis and filariasis The Panels noted the similar 


presented at the 

Appropriately . the focus of the Parasitic Diseases Panels is 
to promote, encourage. and abet cooperative international re- 
search on not only filariasis and schistosomiasis but malaria 
of the parasites involved and of their pathologic effects on 
humans presume a long-term commitment to develop an un- 
derstanding of the disease processes and formulating specific 
means for their control. Complexities of their cycles involve 
molluscan and arthropod vectors, as well as human and other 
mammalian hosts. This necessitates a multidisciplinary ap- 
proach to all facets of their life cycle in order to find the weak 
links that scientists who work in specific and related fields 


might explon. Such disciplines as parasitology, malacology. 


emiomology. genctics, coology. thochemustry . 

immunology. molecular biology. ht elias tale Guitinns 
must all interact, in the iaboratory and m the ficld. to achieve 
success in combating these parasites 


PROGRESS IN PRIORITY AREAS 


Schistosomiasis 


A particularly broad range of investigation mm schistosomiases 
has been carned out and includes research im multiple areas 











was shown that inbred mice straims vary wodely m thew pro- 
presbyter infecton of wradiatcd- 


munity in granuloma formation was best demonstrated by use 
of guinca pags and chickens that are normally unsusceptible to 
schistosomiasis. The immunological mechanisms activated by 


schistosome eggs vary among parasite species and granubo- 


of the host cell response to schrstosomes could have therapeutic 
valuc in human infection, particularly im the acute. severe. 
““yoxemmic”” stage. 

The use of munne models of schistosomiasis has allowed 


infections with S. mansoni and S. japonicum, which suggests 
possible differences in egg antigens between the species. /n 
vitro systems were developed im tissue culture which showed 
the formation of actual granulomas around eggs. 

The complexity of cell interactions that take place during 
the chronic inflammatory process of schistosomiasis was stud- 


in the granulomas. Not only are these studies relevant for 
schistosomiasis. but they provide a model that may explain the 
of tissue fibrosis in other diseases associated with 

chronic inflammation, including lymphatic filariasis. 
In Schistosoma japonicum, granulomatous reactivity and im- 
munoregulation involves both cellular and hu- 
idiotypic regulation are both important at given times after 








munne infection. Anti-soluble cge antigen (SEA) MADs can 
suppress granuloma formation. 2s can anti-an-SEA MAbs. 
The sdentificanon of a dommant. cross-reactive xhotype whach 
is prominently mvolved im this regulation ms a major step for- 
ward im delincating the steps m this process. 

Low responsiveness in egg granuloma formaton i the liver 
of mice was induced by different ummunization schedules using 
eges. Low responsiveness of CS7BL'6 mice m protective mm- 
munity against S. japonicum infection was demonstrated by 
using a vaccine model. Epnope specific regulatory mechanrems 
may cxist in S. japonicum soluble egg antigen-<driven T lym- 
phacyte responses m man. 

Extensive progress has been made m purification of schis- 
tosome antigens and im cloning DNA sequences that encode 
for various schistosome antigens. Some of the newly charac- 
terized antigens bear potential as diagnostic reagents to monitor 
effective chemotherapy. while others detect very recent infec- 
reported, and a varicty of studics indicate a central role for 

, ) in i ution Satineil wa 

Much work was related to the potential development of a 
schistosome vaccine. The purification and identification of an- 
tigens. particularly those at the egg stage. were notable ad- 
vances. From these studies hybridoma technology was used 
for development of monoclonal anti-soluble egg antigen com- 
ponent antibodies. This led to development of a very sensitive 
ee ee ee 


A pulled. cloned, and expressed molecule identified as 
schistosome paramyosin (97 kD) is one of the major, but not: 
sole, mmunogens in crude cercarial preparation. T lymphocyte 
sensitization is essential for this form of immunization to be 
protective, protection occurs within 2 weeks of immunization 
and lasts at least 8 weeks after the last boost. The protective 
mechanism appears to operate within the skin, or as the par- 
asites migrate from the skin to the lungs. Mouse strains have 
been identified which do or do not become resistant under this 
yo: lama anaes arama! 


suppression or tolerance. CDNA clones encoding schistosome 
superoxide dismutase are being examined to explore exten: of 
sequence homology of this potential target enzyme. A cDNA 
that shows homology to various species. 

Studies on the occurrence of hepatocellular carcinoma in 
relation to schistosomiasis have been carned out. In a group 
of mice exposed to S. japonicum, and provided with a carcin- 
ogenic dict containing 0.02% Trp-p-2. hepatocellular carci- 
noma was found in 9 out of 13 mice after S57 weeks postinfection. 
In another line of experiments the presence of Ha-ras related 
sequences was found in the DNA of schistosome 
Ha-ras sequence was detected in the DNA of a hepatoma caused 
by chronic infection with S. japonicum. 

The roles of snail hemocytes in resistance against schisto- 
some sporocysts are being studied. and it 1s clear that hemo- 


antibodies (MAbs) which can reduce hemocyte-mediated kill- 

















ing of sporacysts by over half. Furthermore. hemocytes from 


Numerous studics were directed to rsolation and character- 
ization of schistosome protems and proteolytic enzymes. Pro- 
teolytic enzymes of S. mansoni eggs are being studied to 
determine thei role in the movement of eggs through trssucs 


variety of epitopes from S. mansoni and S. japonicum egg 


antigens. Testing of some monoclonals im enzyme-linked m- 
munosorbent assays (ELISA) indicated th: potential yield of 
Other studies identified the species-speciiic and gender-specific 
proteins of S. mansoni. S. japonicum, and S. haematobium 
The immunoreactivity of these protems was characterized by 
use of sera of infected hosts and with monoclonal antibodies 
These studies should help develop probes ‘purified schisto- 
somal protems and monoclonal antibodies) useful for identi 


is in infected mice 


as targets for antischistosomal drugs. The calcium regulatory 
protem. calmodulin, 1s important in schistosomes Inhibition 
_ a 


genomic DNA was restricted and resolved by Southern blots. 
Complementary sequences were found in », single Pst I frag- 
ment of approximately | 400 base pairs. The same cDNA probe 
was used to screen a lambda gt!! 5. mansoni CDNA library 





Mevinolm. a specif and potest mhibaor of HMC-CoA 
reductase. has been shown to mbibat ogg produchon both » 
varo and mm vio. Adult Schistosoma manson Comtaum af cast 
five forms of glutathione (GSH. S-transicrase (SeeGST). Ar 
least two members of the SaxGST—1 2 3 family are coded for 
by umguc mRNAs. Studics on crcretory cnd-praducts of adult 
S. mansoni suggested a partial rewersed TCA cycle & active 
under anacrobec conditions 

The major secreted protease of schistosome cercamac © a 
semmme protease released from acctabular glands m respons to 
skin lapad. A three dimensional mode! of the cercaral protem- 
ase 1s being utilized to oftam spooifk miormanon shout the 
substrate binding specificity of the enzymes active site 


In filariases research. a ncw small laboratory anemai made! 
of lymphatic filanasis was established through infection of the 
prd. Meriones unguwiculatus. with Bruges pahane: and Bo oma 
lavi. Thess model generated many nce advances m our under- 
standing of lymphatic filanal infections Quanttative studies 
on pathogenesis of Brugia mficcthoms m cats were mitiated 
Efforts to umprove filanal scrodiagnosss were mmstructive m 
Cctecting extensive cross-reactivity between filanal and other 
helminth antigens. Field studies were reported on the vector 
mosquito of the Aedes scutellaris group m the Pacit as were 
twachermcal studies on the hacterna-free rearing of Aedes mos- 
quitoes which defimd the host's requirements of RNA and of 
zinc. 

ht was shown for the first time that the human species 
Wachereria bancrofti. matured. though microfilarermas did m« 
develop. m macaque monkeys Studies on the pathogenesis of 
Brugia malayi and B pahang: intections in dogs and cats gave 
new insight into the underlying mechaninms of human patho- 
logic changes caused by these lymphatic filanac 

The importance of the Mongohan prd. Veriones anewicw 
latus, as a laboratory host for ds lymphatic filanac was con- 
firmed and extended A sgnificant funding «ay that mntrapentonecal 
moculation of infective larvac resulted in development of adult 
worms and production of mocrofilariaec om the body cavity This 
facilitated recovery of all stages of the parasite for axe m 
expenmental procedures. the collection of material for use as 
antigen in scrological and mmmunological studies. and deve! 
opment of biochemical studies on these parasites. The Dire 
filaria dog model and the vanous Brugia models showed that 
separate immunological mechani were operative m the 
suppression of mucrofilaremma versus protection from rewfec. 
hon 

A significant new vector development «as the demonstration 
that cytoplasmic incompatibility m Cules related to the pres. 
ence of a nckettsia-like organism. Wohlhac hia pepmentis. which 
could have considerable sagnificance im vector contro! 

A major advance m filariasis research was production of 
expenmental patent infections of Wacherena hancreft: m Tav- 
wan macaques. Microfilarc amas were low and tramwent yet thes 
accomplishment was the first defimetive indication for the even. 
tual establishment of a promate mode! for the study of classical 
W. hancrofti infection. This parasite « the major cou of 
buman filanal clephantiases Jerds and other rudents were wadely 
exploited for pathologx: and mmmunologn studies Concurrent 
feline infections with Brugia malay: and streptococc) resulted 
mn tissue inflammation and edema comisicnt with that of Chroma 
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human infections. In addition to the lymphatic filanac, it was 
demonstrated that the African eye worm, Loa loa, could be 
maintained routinely in baboons and several species of mon- 
keys; deerflies from the southeastern United States can serve 
as efficient experimental vectors. Use of the Mongolian jird- 
Brugia model for study of the immune response in filariasis 
provided evidence for the role of cell-mediated immunity in 
these infections. Filarial infections induced suppressor cell ac- 
tivity that inhibited lymphocyte proliferation in vitro. Increased 
levels of circulating immune complexes were noted in the sera 
of jirds infected with B. pahangi, but there was no correlation 
between immune complex levels and the numbers of circulating 
muicrofilariac. 

Experiments utilizing Brugia in jirds showed that the patho- 
logic response to parasite antigen is granulomatous, causing 
thrombosis of lymph vessels. The basis for this response is a 
specific cell-mediated immune response. Parallel studies dem- 
onstrated, however, that even in nude mice, parasites can cause 
profound changes in cells lining lymphatics. 

Studies were pursued on the biochemistry of larval and adult 
filaniae, with a view toward developing better chemotherapeu- 
tic agents. Pyruvate metabolism was evaluated in B. pahangi 
and D:petalonema viteae. The tricarboxylic acid cycle pathway 
is regarded of doubtful importance as an energy-yielding path- 
way in these parasites. 

Through Panel-sponsored contract research short- and long- 
term cryopreservation of microfilariae and infective-stage fi- 
larial larvae of sheathed and unsheathed species was accom- 
plished. This provided opportunities for the transport of rare 
or scarce materials to laboratories capable of working with 
various aspects of these parasites. Work with W. bancrofti and 
Mansonella ozzardi could be enhanced considerably. Studies 
on vector biology showed the usefulness of American species 
of deerflies for transmission of Loa infection and that local 
species of blackflies, Simulium spp., were not infected with 
Onchocerca volvulus. This was due to the presence of teeth in 
the mouthparts of these flies which damage ingested microfi- 
lariae. 

Vector studies in Guatemala, Panama, and Colombia showed 
that there is a potential hazard for extension of onchocerciasis 
and mansonellosis in new geographic areas due to exposure of 
greater numbers of persons through new road or land devel- 
opment projects. Fortunately, new rearing and maintenance 
techniques and renewed interest in vector-parasite interactions 
resulted in a resurgence of vector studies in filariasis, leish- 
mamasis, and other arthropod-transmitted diseases. This work 
includes biochemical genetics and evaluation of cell responses 
and cellular defense mechanisms in both filaria-susceptible and 
filana-resistant mosquitoes. In addition to mosquito and blackfly 
susceptibility, culicoid susceptibility is being examined with 
use of isoenzyme analysis and other techniques. 

Studies of Dirofilaria immitis and its development in species 
of Aedes and Anopheles have focused on the physiological, 
ultrastructural, and biochemical analyses of factors in the insect 
host cell which determine susceptibility to infection and the 
effects of infection on the Malpighian tubules of the mosquito. 
The transport physiology of the infected tubules is markedly 
affected in Aedes but not in Anopheles which has significance 
with respect to transmission potentials. There may be broader 
applications since a detailed ultrastructure study of mosquito 
osmoregulatory organs is being conducted. Relevant findings 
may indicate the need to evaluate the ecology of various mos- 
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quito species. Whether microfilariae can develop within a mos- 
quito may be determined by the ability of microfilariae to avoid 
and/or inhibit the vector’s immune response. Possibly, micro- 
filariae avoids the vector reaction by being coated with host 
antigens during midgut penctration in appropriate vectors. The 
peritrophic membrane appears not to function as a barrier to 
migration of microfilariae out of the mosquito stomach. In a 
related study, it was shown that the peritrophic membrane and 
midgut epithelium of culicoids are not barriers to Dipetalonema 
and Mansonella microfilarial migration out of the midgut. 

In the mosquito-filarid relationship, it has now been shown 
through transplantation studies that the refractoriness of some 
Aedes aegypti strains for the development of Dirofilaria immitis 
microfilariae is a consequence of the environment within their 
Malpighian tubules. The arrest of microfilarial development in 
the refractory strain occurs soon after their entry into the Mal- 
pighian tubules. Encapsulation of microfilariae in this system 
is due to the response of mosquito hemocytes and their protein- 
polyphenolization reactions. Certain hemocytes synthesize and 
release melanin, which then contributes to this biochemical 
process. Mosquitoes older than 14 days have few hemocytes 
and mount a much less effective anti-microfilarial response. 
Male mosquitoes have very few hemocytes and are almost 
totally *‘immunoincompetent.’’ The activation of hemocyte 
monophenol oxidase upon infection by microfilariae appears 
to parallel the degree of resistance expressed by a given species 
of mosquito. 

Microfilariae form specific cyclooxygenase pathway derived 
prostaglandins, including prostaglandin E, and 6-keto-prostag- 
landin F,.,. that could be pertinent mediators of interactions 
between parasites and various immunologic effector cells and. 
platelets. 

Continued field trials of the efficacy of ivermectin for onch- 
ocerciasis have been very successful. Yearly single dose treat- 
ment convincingly leads to continued lower skin microfilaremia. 
Importantly, treatment was also associated with a significant 
decrease in ocular disease manifestations. These results indi- 
cate that ivermectin in a single oral dose only yearly results in 
a sustained reduction of parasite load and ocular disease, de- 
spite ongoing transmission. 


Malaria 


Although malaria research has been a component of the 
U.S.-Japan Program during only this 5-year period, this area 
has brought a vigorous scientific enterprise to join the previous 
efforts in schistosomiasis and filariasis. This is particularly 
gratifying in view of the increasingly serious and uncontrolled 
nature of the global malaria problem. 

The major erythrocyte receptor for P. falciparum is the fam- 
ily of sialoglycoproteins known as glycophorins, the terminal 
sialic residues being a critical site in that interaction. A major 
merozoite surface antigen, Pf200, or Mr 200,000, binds to the 
sialic acids of glycophorin, suggesting it ts involved in host 
cell recognition. The functionally important regions of this 
polypeptide are now being studied. 

Three proteinases of P. falciparum have been characterized 
whose activities were expressed stage-specifically in the life 
cycle of the erythrocytic parasite. Trophozoites had an Mr 
28,000 proteinase that was inhibited by inhibitors of cysteine 
proteinases. Mature schizonts had an Mr 35—40,000 proteinase 
that was also inhibited by cysteine proteinase inhibitors. Mer- 














ozoite fractions had an Mr 75,000 proteinase that was inhibited 
by serine proteinase inhibitors. The stage-specific activities and 
inhibitor sensitivities of these proteinases suggested potential 
functions for each enzyme. A cysteine proteinase has a criti- 
cally important role in hemoglobin degradation in the food 
vacuole of trophozoites. The Mr 28,000 trophozoite proteinase 
has been identified as being similar to the mammalian lyso- 
somal proteinase cathepsin L, which supports its potential role 
as a food vacuole enzyme. Highly specific peptide inhibitors 
of cathepsin L inhibit hemoglobin degradation within the food 
vacuole and block the multiplication of P. falciparum at con- 
centrations well below those which are toxic to mammalian 
cells in vitro or mice in vivo. Thus, this indicates that malaria 
parasites are more sensitive to inhibitors of lysosomal proteo- 
lysis than are mammalian cells and suggests an approach to 
antimalarial chemotherapy that takes advantage of this differ- 
ence between the parasite and its host. 

Steps in the invasions process subsequent to receptor binding 
are poorly defined. Electron microscopic studies show that 
following parasite binding, the erythrocyte membrane inva- 
ginates and forms a vacuole which eventually surrounds the 
invading parasite. The parasite factors which trigger this radical 
deformation of the erythrocyte membrane are not known al- 
though it has been suggested, based on electron mi i 
studies, that contents secreted from the rhoptry organelle could 
be responsible. A marked dephosphorylation of host cell mem- 
brane proteins accompanies merozoite invasion. The rhoptry 
organelle and its contents are being characterized with the 
intention to define the role of its components in merozoite 
invasion. These studies have taken two different approaches. 
One involves a monoclonal antibody to a rhoptry protein of 
110k, which coprecipitates a Mr 140k and 130k rhoptry pro- 
tein. The 110k rhoptry protein is secreted into the erythrocyte 
membrane during merozoite invasion and persists in the mem- 
brane for up to 24 hours. Conveniently, the 140k—110k protein 
complex also binds to mouse erythrocytes, cells that are in- 
vaded to a certain degree by P. falciparum. The properties of 
invasion of P. falciparum of erythrocytes correlate with the 
properties of binding of the rhoptry proteins to erythrocytes, 
suggesting the proteins play a role in invasion. 

Studies on Plasmodium falciparum merozoite invasion into 
human erythrocytes has yielded important novel information 
with respect to the raembranes in facilitating the invasion pro- 
cess. The highly complex series of biochemical membrane 
events can be divided into three major categories that appear 
equally important in facilitating the parasites’ survival in the 
host cell: (1) Formation of the parasitophorous vacuolar mem- 
brane (PVM) from parasite phospholipids (PL) and cholesterol 
and from host cell membrane components, (II) the modulation 
of functional and structural properties of the host cell plasma 
membrane leading to biochemical and physical changes, and 
(111) apparent continued exchange between the erythrocyte and 
parasite membrane systems with significant redistribution of 
major host cell membrane components. 

The plasmodial parasite selectively accumulates PL in the 
thoptry organelles. These PL are transferred to the host cell 
membrane at the site of attachment and contribute to the for- 
mation of the vacuolar membrane. While evidence exists for 
cholesterol transfer at the same time, this essential membrane 
component does not exhibit the same redistribution as found 
for PL. At the same time, there is evidence from digitized 
video-intensified fluorescence microscopy (DVIFM) using flu- 


orescent PL derivatives that parasite PL diffuse into the host 
cell membrane. Since standard biochemical analysis did not 
yield significant changes in the lipid composition of membranes 
from parasitized erythrocytes, Raman spectroscopy was used 
to study the results of PL partitioning into the host cell mem- 
brane. The results have been obtained on schizont-infected 
human erythrocytes. Dramatic differences in the temperature- 
dependent phase transitions of the erythrocyte plasma mem- 
brane occur at the time of invasion and are maintained through- 
out the intraerythrocytic parasite maturation. The main lipid- 
mediated phase transition (1,,/l..s9) in plasma membranes 
changes from 41 °C in normal erythrocytes to 2 to 7 °C in 
parasitized cells. These changes are associated with major con- 
formational rearrangements of membrane proteins that are also 
supported by a novel computer-modeled analysis of membrane 
protein conformation based Raman spectra of standard proteins 
of known structure. The analyses have yielded changes of more 
than 30% of both the random coil and alpha-helical structure. 

As the proteins undergo this rearrangement the lipid-protein 
interactions are reduced, which facilitates major modifications 
of the lipid phase of the plasma membrane. 

The major intrinsic membrane proteins band 3 and glyco- 
phorin are transferred into parasitophorous vacuolar membrane 
(PVM) during the invasion process. As band 3 accounts for 
over 75% of the lipid-protein interactions in the erythrocyte 
plasma membrane, the reduction of the lipid-protein interac- 
tions in the erythrocyte plasma membrane has to be due to a 
reduction of band 3 molecules or marked conformational rear- 
rangement of the protein. The latter seems most likely as im- 
munochemical quantitation of band 3 using DVIFM do suggest 
no quantitative loss of band 3 in the host cell membrane at the 
time of invasion. Such a loss, linked to an absolute gain of 
band 3 in the PVM, is seen later during parasite maturation. 

Infections with the human malaria Plasmodium falciparum 
are characterized by the attachment of parasitized erythrocytes 
to the endothelial cells that line the capillaries. Cytoadherence 
has a critically important role in the pathogenesis of falciparum 
malaria since it permits the parasites to evade spleen-dependent 
immune mechanisms and since the sequestered parasites may 
occlude blood flow, as seen in cerebral malaria. The biochem- 
ical mechanisms responsible for erythrocyte adherence to the 
endothelial cell are still undefined. A monoclonal antibody to 
knob-bearing erythrocytes infected with the FCR-3 strain of 
P. falciparum, designated 4A3, is an lgM that reacts (by means 
of immunofluorescence) with the surface of unfixed erythro- 
cytes bearing mature parasites of the knobby line; it does not 
react with knobless lines or uninfected erythrocytes. By im- 
munoelectron microscopy the monoclonal antibody 4A3 was 
localized to the knob region. In an in vitro cytoadherence assay, 
the monoclonal antibody partially blocked the binding of knob- 
bearing cells (FCR-3 strain) to formalin-fixed amelanotic mel- 
anoma cells. The monoclonal antibody was used to immuno- 
precipitate a protein from extracts of knobby erythrocytes that 
had been previously surface iodinated. By a two-dimensional 
peptide mapping technique, the antigen recognized by the mon- 
oclonal antibody was found to be structurally related to band 
3 protein, the human erythrocyte anion transporter. 

Three structural domains of knob proteins of P. brazilianum 
have been expressed in E. coli and purification procedures for 
the expressed proteins established. The purified products (~95% 
purity) have been tested for reactivity with immune human sera 
from different geographical areas as well as for reactivity with 
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human erythrocyte membranes. The most significant results of 
these studies is that the central lysine-rich domain of KP is the 
most conserved and immunogenic fragment. Furthermore, this 
same fragment is the only one which shows specific and high 
affinity binding to inside-out red cell membrane vesicles. Thus, 
it appears that the functional domain of KP is also highly 
immunogenic in man. 

To investigate the molecular basis of cytoadherence with 
infected human erythrocytes, in vitro techniques were devel- 
oped for modulating the of cloned, 
culture-adapted parasites. C32 melanoma cells, which also bind 
infected erythrocytes, were used for these studies. In initial 
experiments, it was found that culture-adapted parasites were 
poorly cytoadherent (compared with parasites from humans or 
monkeys) or noncytoadherent. To select for cytoadherent (C +) 
parasites, infected erythrocytes containing knobbed (K + ) par- 
asites were incubated with monolayers of C32 melanoma cells, 
the nonadherent cells removed by washing, and the remaining 
adherent cells cultured. To select for noncytoadherent (C —) 

ites, the nonadherent cells were cultured. Using this tech- 
nique, a large (10-15 fold) increase in cytoadherence with the 
ITG2F6 clone of P. falciparum was seen and a sequence of 


reversible changes in the cytoadherence phenotype of cloned 


Using cytoadherent parasites prepared as described above a 
family of large (Mr>240,000) variable proteins on the surface 
of infected erythrocytes was identified. The members of this 
protein family were cleaved by the same concentration of tryp- 
sin that prevented cytoadherence and had several biochemical 
properties in common with the strain-specific proteins on in- 
fected erythrocytes from Aotus monkeys. Using ITG2F6 par- 
asites with different cytoadherence phenotypes, it was found 
that the expression and variation of the members of this protein 
family was correlated with the cytoadherence of the 
parasites. The protein was not detected with uninfected eryth- 
rocytes, and noncytoadherent parasites did not have the protein 
on the surface of infected erythrocytes. Parasites with increased 
cytoadherence had larger proteins (Mr 260,000-320,000) and 
parasites with decreased cytoadherence had smaller proteins 
(Mr 240,000). The strong correlation between the cytoadher- 
ence phenotype of the parasites and the expression of the mem- 
bers of this protein family is consistent with their having a role 
in mediating cytoadherence. The correlation of increased or 
decreased cytoadherence with expression of larger or smaller 
forms of the protein, respectively, suggests that the smaller 
proteins lack domains that mediate or promote cytoadherence. 
In contrast to these results, no change in expression and no 
variation in the molecular size of mature erythrocyte surface 
antigen (MESA) or knob-associated histidine-rich protein 
(KAHRP), two other malarial proteins that have been localized 
to the membrane of infected erythrocytes was observed. 

The family of proteins described above could potentially be 
of parasite origin or, alternatively, they could be altered host 
cell proteins. These two possibilities were investigated in three 
ways. First, re-expression of both cytoadherence and the cy- 
toadherence protein after trypsin treatment of infected eryth- 
rocytes was prevented by incubating the infected erythrocytes 
with cycloheximide, whereas controls incubated without cy- 
cloheximide re-expressed both cytoadherence and the protein. 
Thus, parasite protein synthesis was required for re-expression 
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of both the cytoadherent phenotype and the cytoadherence pro- 
tein. Second, three proteolytic cleavage fragments of the cy- 
toadherence protein co-migrated on the one-dimensional SDS 
gel with metabolically labeled fragments, indicating that the 
cytoadherence protein was newly synthesized and therefore, 
of parasite origin. Third, an immunoprecipitation analysis of 
the cytoadherence protein using monospecific rabbit anti-sera 
against membrane proteins (Band 3, glycophorin, 
spectrin, 4.1) and human immune sera containing antibody to 
the cytoadherence protein was performed. This demonstrated 
the following: 1. The cytoadherence protein is the principal 
protein antigen on infected erythrocytes that is recognized by 
antibody in human immune sera. 2. There is no immunological 
cross-reactivity between the cytoadherence protein and the host 
erythrocyte proteins. Taken together, these results indicate that 
the members of the cytoadherence protein family are of parasite 
origin and are not altered host proteins. 

Recently, it has become apparent that immunity to malaria 
is likely to involve the of both B cells (antibody) 
and T cells (in the form of T cell help and cell-mediated re- 
sponses). In the P. chabaudi adami-mouse system it is known 
that T lymphocytes from infected mice, antigen-specific T cell 
lines, and now such T cell clones can transfer protection against 
challenge infection to "ive mice. The protective T cell clone 
is CD4 + , and produces IFN-gamma and IL-2. A new finding 
indicates that intravenous injection of solubilized P. chabaudi 
adami antigen leads to the development of transferable CD8 + 
antigen-specific suppressor cells that are active in decreasing 
specific delayed-type hypersensitivity reactions, but do not have 
an overt effect on the outcome of infection. Studies to define 
the antigens to which these effector and suppressor T cells 
respond are in progress using cloned or purified plasmodial 
antigens. 

Macrophages activated by lymphokines or recombinant 
gamma-IFN are able to kill intraerythrocytic P. yoelii malaria 
parasites. The possibility that gamma-IFN might have an effect 
on the course of the erythrocytic phase of rodent malaria in 
vivo was investigated. About ten thousand units of recombinant 
rodent gamma-IFN/day had a dose-dependent protective effect 
on SW, Balb/c ByJ, and CBA mice infected with the lethal 
variant of P. yoelii 17X PyL. There was a greater effect of 
gamma-IFN on Balb/c ByJ mice that are more susceptible to 
malaria than on the CBA/J mice that are more resistant. There 
was little effect of gamma-IFN on mice infected with P. yoelii 
NL (nonlethal) except in Balb/c ByJ. 

Because Balb/c By) mice responded differently in vivo to 
exogenously administered gamma-IFN, the endogenous gamma- 

IFN response in these mouse strains during infection with ith PyL 
and FyNL was investigated. In Balb/c By) mice infected with 
Py NL there was an early burst of gamma-IFN by spleen cells 
in response to soluble malaria antigens. As parasitemia in- 
creased, however, gamma-IFN levels declined to control lev- 
els. In contrast, in the same strain of mice infected with PyL, 
there was no increased gamma-IFN response throughout in- 
fection. In CBA/J mice, there was an initial burst of gamma- 
IFN by spleen cells from mice infected with both PyL and 
PyNL. Similar to the findings in Balb/c ByJ mice, gamma- 
IFN levels declined as parasitemia increased. However, as the 
infection resolved, animals infected with both L and NL par- 
asites produced a second burst of the lymphokine. The H,O, 
responses of splenic cells were followed simultaneously with 














gamma-IFN responses. A similar pattern of response was ob- 
served, consistent with the fact that gamma-IFN activates mac- 
rophages for increased secretion of H,O,. These results suggest 
that nonlethal malaria is able to induce a more effective gamma- 
IFN response and, perhaps, animals control the infection by 
parasites can only partially control the infection upon injection 
of exogenous gamma-IFN. Future studies will address the 
mechanisms of the protective response in nonlethal versus le- 
thal malaria. 


SHORT SUMMARY OF THE FIRST 
FIVE YEARS 


A broad range of investigation on filariasis and schisto- 


somiasis included immunology, pathogenesis, pathophysiol- 

ogy. biochemistry, and chemotherapy. The following research 
accomplishments were highlighted on schistosomiasis: (1) 
demonstration of protective immunity in primates against 
Schistosoma japonicum by exposure to homologous, x-irra- 
diated cercariae; (2) demonstration of the relationship between 
cell-mediated immunity and schistosome granuloma formation; 
(3) definition of the lipid metabolism of schistosomes, and of 
their dependence on an exogenous supply of cholesterol; (4) 
elaboration of the conformational requirements for schistosom- 
icidal activity of nitroheterocyclic drugs; and (5) establishment 
of new experimental models of Schistosoma haematobium in- 
fection in subhuman primates, with pathologic reactions similar 
to that of humans. 

In filariasis research, a new small laboratory animal model 
of lymphatic filariasis was established through infection of the 
jird, Meriones unguiculatus, with Brugia pahangi and B. ma- 
layi. This model generated many new advances in our under- 
standing of lymphatic filarial infections. Quantitative studies 
on pathogenesis of Brugia infections in cats were initiated. 
Efforts to improve filarial serodiagnosis were instructive in 
detection of extensive cross-reactivity between filarial and other 
helminth antigens. Field studies were reported on the vector 
mosquito of the Aedes scutellaris group in the Pacific as were 
biochemical studies on the bacteria-free rearing of Aedes mos- 
quitoes which defined the host's requirements of RNA and of 
zinc. 


SHORT SUMMARY OF THE SECOND 
FIVE YEARS 


Research efforts were confined to schistosomiasis and filar- 
iasis; investigators working in schistosomiasis exceeded those 
in filariasis and the character of work was more sophisticated. 
The latter related specifically to the opportunity to employ 
defined laboratory animal models with shortened life cycles 
for schistosome parasites. 

Major advances in schistosomiasis included the sequential 
monitoring of the immunopathology of cercaria-induced in- 
fections by modern quantitative immunological and pathophy- 
siological techniques. The role of cell-mediated immunity in 
granuloma formation was best demonstrated by use of guinea 
pigs and chickens, which are normally unsusceptible to schis- 
tosomiasis. The immunological mechanisms activated by schis- 


tosome eggs vary among parasite species and granulomatous 
responses are subject to eliciting and modulating influences. 
This has considerable significance since modulation of the host 
cell response to schistosomes could have therapeutic value in 
human infection, particularly in the acute, severe, *“toxemic’ 


carcinogenic 

significant. These led to numerous studies on analogs of ef- 
fective compounds and development of drug resistance. Sub- 
stantial in cultivation of schistosome larval stages was 
made; however, identification of the complete life cycle was 
not accomplished. A major development was the successful 
establishment of a cell line from Biomphalaria glabrata em- 
bryos. 

During this period filariasis research was devoted principally 
to elaboration of model systems for the laboratory study of 
various filarial parasites. The classical, laboratory-maintained 
filariae—Litomosoides carinii, Dipetalonema viteae, and Di- 
rofilaria immitis were used, but increased progress was made 
in studies on the lymphatic-dwelling filariae of the genera Bru- 
gia and Wuchereria. It showed for the first time that the human 
species, Wuchereria bancrofti, matured, though microfilare- 
mias did not develop, in macaque monkeys. Studies on the 
pathogenesis of Brugia malayi and B. pahangi infections in 
dogs and cats gave new insight into the underlying mechanisms 
of human pathologic changes caused by these lymphatic filar- 
iae. 

The importance of the Mongolian jird, Meriones unguicu- 
latus, as a laboratory host for the lymphatic filariae was con- 
firmed and extended. A significant finding was that intraperitoneal 
inoculation of infective larvae resulted in development of adult 
worms and ion of microfilariae in the body cavity. This 
facilitated recovery of all stages of the parasite for use in 
experimental procedures, the collection of material for use as 
antigen in serological and immunological studies, and devel- 
opment of biochemical studies on these parasites. The Diro- 
filaria dog model and the various Brugia models showed that 
separate immunological mechanisms were operative in the 
suppression of microfilaremia versus protection from reinfec- 
tion. 

Despite increased study, no new antifilarial drugs were shown 
to be superior to diethylcarbamazine. A significant new vector 
development was the demonstration that cytoplasmic incom- 
patibility in Culex related to the presence of a rickettsia-like 
organism, Wohlbachia pipientis, which could have consider- 
able significance in vector control. 


SHORT SUMMARY OF THE THIRD 
FIVE YEARS 


A wide variety of animal models was used for schistosome 
research with expanded use of inbred strains of mice and uti- 
lization of hamsters, rabbits, and primates. This led to signif- 
icant advances and a better understanding of many features of 
schistosome infections which included mechanisms of protec- 
tion and immunoregulation and the chronology of the patho- 
logic response. In studies of Schistosoma japonicum, the 
Philippine strain of the parasite was consistently more patho- 
genic than those of China, Taiwan, or Japan. S. mekongi is 
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highly pathogenic for hamsters and mice but dogs, the natural 
reservoir, suffer only minor pathologic changes and tend to 
self-cure over time. The baboon is the best animal host for 
study of pathologic changes due to S. haematobium infection. 

Immunopathogenic studies showed the requirement for T- 
lymphocytes in schistosome ova granuloma formation. Dif- 
ferences in biologic and host immune responsiveness to infec- 
tions with S. mansoni and S. japonicum suggest possible 
differences in egg antigens between the species. /n vitro sys- 
tems were developed in tissue culture which showed the for- 
mation of actual granulomas around eggs. 

Much work was related to the potential development of a 
schistosome vaccine. The purification and identification of an- 
tigens, particularly those at the egg stage, were notable ad- 
vances. From these studies hybridoma technology was used 
for development of monoclonal anti-soluble egg antigen com- 
ponent antibodies. This led to development of a very sensitive 
radioimmunoassay procedure for the diagnosis of S. mansoni 
infection. 

It was shown that eosinophils cause a small but significant 
antibody-dependent toxic effect on culture-derived schistoso- 
mula. Evidence suggests that activated macrophages may play 
an important role in rejection of schistosomula and that mac- 
rophage activation may be a major determinant factor of the 
host's immune status. Through various model systems it was 
shown that inbred mouse strains vary widely in their protection 
due either to chronic primary infection or irradiated-cercarial 
immunization. 

The need for better antischistosomal drugs remained a high 
research priority. Despite considerable progress in cultivation 
of schistosome life cycle stages a major gap existed in the 
inability to promote and maintain reproductive activity under 
axenic conditions. This has considerable relevance in devel- 
opment of antischistosomal drugs. Finally, the development of 
molluscan cell culture lines made new research opportunities 
possible such as evaluation of defense mechanisms in molluscs. 

A major advance in filariasis research was production of 
experimental patent infections of Wuchereria bancrofti in Tai- 
wan macaques. Microfilaremias were low and transient, yet, 
this accomplishment was the first definitive indication for the 
eventual establishment of a primate model for the study of 
classical W. bancrofti infection. This parasite is the major cause 
of human filarial elephantiasis. Jirds and other rodents were 
widely exploited for pathologic and immunologic studies. Con- 
current feline infections with Brugia malayi and streptococci 
resulted in tissue inflammation and edema consistent with that 
of chronic human infections. In addition «o the lymphatic fi- 
lariac, it was demonstrated that the African eye worm, Loa 
loa, could be maintained routinely in baboons and several 
species of monkeys; deerflies from the southeastern United 
States can serve as efficient experimental vectors. Use of the 
Mongolian jird-Brugia model for studying the immune re- 
sponse in filariasis provided evidence for the role of cell-me- 
diated immunity in these infections. Filarial infections induced 
suppressor cell activity which inhibited lymphocyte prolifer- 
ation in vitro. Increased levels of circulating immune com- 
plexes were noted in the sera of jirds infected with B. pahangi, 
but there was no correlation between immune complex levels 
and the numbers of circulating microfilariae. Studies were pur- 
sued on the biochemistry of larval and adult filariae, with a 


view toward developing better chemotherapeutic agents. Py- 
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ruvate metabolism was evaluated in B. pahangi and Dipeia- 
lonema viteae. The tricarboxylic acid cycle pathway ts regarded 
of doubtful importance as an energy-yielding pathway in these 


parasites. 

Through Panel-sponsored contract research, short- and long- 
term cryopreservation of microfilariae and infective-stage fi- 
larial larvae of sheathea «nd unsheathed species was accom- 
plished. This provided opportunities for the transport of rare 
or scarce materials to laboratories capable of working with 
various aspects of these parasites. Work with W. bancrofti and 
Mansonella ozzardi could be enhanced considerably. Studies 
on vector biology showed the usefulness of American species 
of deerflies for transmission of Loa infection and that local 
species of blackflies, Simulium spp., were not infected with 
Onchocerca volvulus. This was due to the presence of teeth in 
the mouthparts of these flies which damage ingested microfi- 
lariae. 


SHORT SUMMARY OF THE FOURTH 
FIVE YEARS 


Several studies were directed to isolation and characteriza- 
tion of schistosome proteins and proteolytic enzymes. Proteo- 
lytic enzymes of S. mansoni eggs are being studied to determine 
their role in the movement of eggs through tissues and their 
stimulation of host immune responses and granuloma forma- 
tion. A large number of hybridoma cell lines were cloned which 
produce monoclonal antibodies and recognize a wide variety 
of epitopes from S. mansoni and S. japonicum egg antigens. 
Testing of some monoclonals in enzyme-linked immunosorbent 
assays (ELISA) indicated the potential yield of highly specific 
and sensitive immunodiagnostic procedures. Other studies 
identified the species-specific and gender-specific proteins of 
S. mansoni, S. japonicum, and S. haematobium. The immu- 
noreactivity of these proteins was characterized by use of sera 
of infected hosts and with monoclonal antibodies. These studies 
should help develop probes (purified schistosomal proteins and 
monoclonal antibodies) useful for identification of the antigen 
and antigen/antibody complexes associated with granulomas 
and glomerulnephritis in infected mice. Drug development for 
use against schistosomes is in progress. Pharmacologic differ- 
ences between longitudinal and circular muscles of these par- 
asites are being examined which may be useful as targets for 
antischistosomal drugs. The calcium regulatory protein, cal- 
modulin, is important in schistosomes. Inhibition of its action 
by potential chemotherapeutic agents may suggest new agents 
for drug therapy. 

The complexity of cell interactions that occur during the 
chronic inflammatory process of schistosomiasis was studied 
by several researchers. In addition to lymphocyte function, the 
role of macrophages and mast cells as accessory regulatory 
cells in the inflammatory and reparatory process in the schis- 
tosome egg granuloma was examined. Development of schis- 
tosome egg antigen-specific T cell clones was a major advance 
in the continued evaluation of the immunopathogenesis and 
immunoregulation of S. mansoni egg-induced granulomas. These 
clones respond specifically to schistosome egg antigen by un- 
dergoing blastogenesis, by producing local delayed type hy- 
persensitivity reactions, by producing various lymphokines, 
and initiating the generation of granulomas in vitro. The role 








of the granulomatous inflammation clicited by schistosome 
eggs in hepatic fibrogenesis is being examined. Findings pro- 
vide strong circumstantial evidence that hepatic fibrosis, vas- 
cular smooth muscle hyperplasia, and endothelial proliferation 
results from biologically active molecules elaborated by cells 
in the granulomas. Not ‘only are these studies relevant for 
schistosomiasis, but they provide a model which may explain 
the pathogenesis of tissue fibrosis in other diseases associated 
ee ee ae including lymphatic filariasis. 
Several investigators have studied immunity against chal- 
lenge infection of S. mansoni cercariae after initial infection 
or previous exposure to highly irradiated cercariae. With ir- 
radiated cercariae it appears that development of protection 
correlates with delayed type hypersensitivity to schistosomal 
schistosomal antibody responses. In baboons. use of irradiated 
cercariae results in a reduction in the size of hepatic and in- 
testinal egg-focused granulomas. 
Vector studies in Guatemala, Panama, and Colombia showed 
that a potential hazard exists for extension of onchocerciasis 


resulted in a resurgence of vector studies in filariasis, leish- 
includes biochemical genetics and evaluation of cell responses 
and cellular defense mechanisms in both filaria-susceptible and 
filaria-resistant mosquitoes. In addition to mosquito and blackfly 
susceptibility, culicoid susceptibility is being examined with 
use of isoenzyme analysis and other techniques. 

Studies of Dirofilaria immitis and its development in species 
of Aedes and Anopheles have focused on the physiological, 
ultrastructural, and biochemical analyses of factors in the insect 
host cell which determine susceptibility to infection and the 
effects of infection on the Malpighian tubules of the mosquito. 
The transport physiology of the infected tubules is markedly 
affected in Aedes but not in Anopheles which has significance 
with respect to transmission potential. Broader implications 
may be revealed by a detailed ultrastructure study of mosquito 
osmoregulatory organs is being conducted. Relevant findings 
could indicate the need to evaluate the ecology of various 
mosquito species. Whether microfilariae can develop within a 
mosquito may be determined by the ability of microfilariae to 
avoid and/or inhibit the vector’s immune response. Possibly, 
microfilaria avoids the vector reaction by being coated with 
host antigens during midgut penetration in appropriate vectors. 
The peritrophic membrane appears not to function as a barrier 
to migration of microfilariae out of the mosquito stomach. In 
a related study, it was shown that the peritrophic membrane 
and midgut epithelium of culicoids are not barriers to Dipe- 
talonema and Mansonella microfilarial migration out of the 
midgut. 

Brugia pahangi infection was established in rats and mice. 
Subcutaneous and intraperitoneal infection routes were suc- 
cessful in nude mice. The thymus dependence of B. pahangi 
was established. Infections in inbred and neonate mice show 
that immune rejection of adult and microfilarial stages depends 
on presence of T cell populations. Despite the success with 
mouse B. pahangi infection it was not possible to infect nude 
mice with Wuchereria bancrofti. 


In a study by Japanese and U.S. scientists, the karyotypes 
of B. pahangi and B. malayi were analyzed and compared. 
Both species showed a diploid number of 10 chromosomes and 
by C-banding analysis the sex-determining mechanism of these 
species was of the XY—XX type. Both species were kary- 
ee indistinguishable. this further substantiates thei close 


taxonomic relationship. 

Field studies in the Dominican Republic, Haiti. Ecuador, 
and Colombia provided valuable information on prevalence and 
geographic limits of W. bancrofti, Mansonella ozzardi, and 
Onchocerca volvulus. In the Dominican Republic the highest 
prevalences of W. bancrofti positives (11.5%) occurred in the 
coastal plain. More than 75% of the microfilarial positives 
occurred in individuals under age 20. The distribution of Onch- 
ocerca infections, though in spotty loci, were greater than pre- 
viously believed in South America. 


SIGNIFICANT ACCOMPLISHMENTS 


Schistosomiasis 


1. Demonstration of protective immunity in pnmates against 
Schistosoma japonicum by exposure to homologous, x-irra- 
diated cercariac. 

2. Definition of the lipid metabolism of schistosomes, 
and of their dependence on an exogenous supply of cholesterol. 

3. Elaboration of the conformational requirements for 
schistosomicidal activity of nitroheterocyclic drugs. 

4. Establishment of new experimental models of Schis- 
tosoma haematobium infection in subhuman primates, with 
pathologic reactions similar to that of humans. 

5. Expanded use of inbred strains of mice and utilization 
of hamsters, rabbits, and primates as animal models. 

6. Establishment of the baboon as the best animal host 
for study of pathologic changes due to S. haematobium infec- 
tion. 

7. In baboons, the use of irradiated cercariac results in a 
reduction in the size of hepatic and intestinal egg-focused gran- 
ulomas. 

8. Eosinophils cause a significant antibody-dependent toxic 
effect on culture derived schistosomula. 

9. Inbred mouse strains vary widely in their protection 
due either to chronic primary infection or irradiated-cercarial 
immunization. 

10. Immunological mechanisms activated by schistosome 
eggs Vary among parasite species. 

11. Immunopathogenic studies showed the dependence on 
T-lymphocytes for schistosome ova granuloma formation. 

12. A variety of immunoregulatory circuitries are known 
to then modulate this granuloma formation: these include an- 
tigen-specific and non-specific humoral regulation, antigen- 
induced suppressor T cells; antigen-specific adherent cell-de- 
pendent suppression, histamine-receptor bearing T suppressor 
cells, and anti-idiotypic T cell responses during infection. 

13. Differences in biologic and host immune responsive- 
ness to infections with S. mansoni and S. japonicum suggests 
possible differences in egg antigens between the species. 
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14. Development of schistosome egg antigen-specific T 
cell clones. 


iS. Hepatic fibrosis results from biologically active mol- 
ecules elaborated by cells in the granulomas. 


16. In schistosomiasis japonicum granulomatous reactivity 
Sil teeenieiicaliaien delaniaalite Cinikinn taal poll 
as cellular mechanisms. 


17. idiotypic and anti-idiotypic regulation are both im- 
portant at given times after murine infection. 

18. Anti-soluble egg antigen (SEA) MAbs can suppress 
granuloma formation, as can anti-anti-SEA MAbs. 

19. A purified, cloned and expressed molecule identified 
as schistosome paramyosin (97 kD) is one of the major, but 


not sole, immunogens in crude cercarial preparation. 

20. Cercarial glycocalyx may induce suppression or tol- 
erance. 

21. AcDNA clone encoding schistosome tropomyosin has 
been identified that shows homology to various species. 

22. Mice exposed to S. japonicum and provided with a 
carcinogenic dict developed hepatocellular carcinoma. 

25. Ha-ras related sequences were found in the DNA of 
schistosome. 

26. Snail hemocytes react against specific sporocyst sur- 
face molecules. 

27. The development of molluscan cell culture lines made 
new research 


: | hypoxanthine quanine phos- 
phoribosyltransferase (HGPRTase) cDNA clones have been 
identified and purified to homogeneity: The deduced amino 
acid sequence was 66% homologous with the sequence for 
mouse HGPRTase. 

30. Adult Schistosoma mansoni contains at least five forms 
of glutathione (GSH) S-transferase (SmGST). 

31. Two members of the SmGST-1/2/3 family are coded 
for by unique mRNAs. 

32. The major secreted protease of schistosome cercariae 
IS a serine protease released from acetabular glands in response 
to skin lipid. 

33. A three dimensional model of the cercarial proteinase 
is being utilized to obtain specific information about the sub- 
strate binding specificity of the enzyme's active site. 


Filariasis 


1. A small laboratory animal model of lymphatic filariasis 
was established through infection of the jird. 

2. Quantitative studies on pathogenesis of Brugia infec- 
tions in cats were initiated. 

3. It was shown for the first time that the human species, 
Wuchereria bancrofti, matured in macaque monkeys. 

4. The Dirofilaria dog model and the varnous Brugia models 
showed that separate immunological mechanisms were oper- 
ative in the suppression of microfilaremia versus protection 
from reinfection. 

5. Cytoplasmic incompatibility in Culex related to the 
presence of a rickettsia-like organism, Wohlbachia pipientis. 

6. Experimental patent infections of Wuchereria ban- 
crofti in Taiwan macaques. 
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7. Increased levels of circulating immune complexes were 
noted in the sera of jirds infected with B. pahangi. but there 
was no correlation between immune complex levels and the 
numbers of circulating microfilariac. 

8. The tricarboxylic acid cycle pathway ts regarded of 
doubtful importance as an energy-yiclding pathway in these 


9. There is a potential hazard for extension of onchocer- 
ciasis and mansoncilosis in new geographic areas duc to cx- 
posure of greater numbers of persons through new road or land 


projects. 
10. The refractoriness of some Aedes aegypti strains for 
the development of Dirofilaria immitis microfilanac ts a con- 
11. Male mosquitoes have very few hemocytes and are 
12. Microfilariae form specific cyclooxygenase pathway 
a including prostaglandin E, and 6-keto- 


13. Tal Gills dt is cide of tntemunetin tor ext 
cerciasis have been very successful. 


Malaria 


1. The major erythrocyte receptor for P. falciparum is 
the family of sialoglycoproteins known as 

2. Three proteinases of P. falciparum have been char- 
acterized whose activities were expressed stage-specifically in 
the life cycle of the erythrocytic parasite. 

3. A cysteine proteinase has a critically important role in 
hemoglobin degradation in the food vacuole of trophozvites. 

4. Highly specific peptide inhibitors of cathepsin L inhibit 
hemoglobin degradation within the food vacuole and block the 
eT ak ae 

. A marked dephosphorylation of host cell membrane 

accompanies merozoite invasion. 

6. The 110k thoptry protein is secreted into the eryth- 
rocyte membrane during merozoite invasion and persists in the 
membrane for up to 24 hours. 

7. The 140k—110k protein complex binds to mouse eryth- 


rocytes. 

8. The plasmodial parasite selectively accumulates phos- 
pholipids (PL) in the rhoptry organelles. 

9. The major intrinsic membrane proteins band 3 and 
glycophorin are transferred into parasitophorous vacuolar 
membrane (PVM) during the invasion process. 

10. Production of a monoclonal antibody to knob-bearing 

infected with the FCR-3 strain of P. falciparum. 

11. The monoclonal antibody partially blocked the binding 
of knob-bearing cells (PFCR-3 strain) to formalin-fixed ame- 
lanotic melanoma cells. 

12. The central lysine-rich domain of KP is the most con- 
served and immunogenic fragment. 

13. A family of large (Mr>240,000) variable proteins on 
the surface of infected erythrocytes was identified. 

14. The members of the cytoadherence protein family are 
of parasite origin and are not altered host ins. 

15. Intravenous injection of solubilized P chabaudi adami 
antigen leads to the development of transferable, CD8 + antigen- 
specific suppressor cells. 








16. Macrophages activated by lymphokines or recombi- 
nant gamma-IFN are able to kill intraerythrocytic P. yoelii 
malaria parasites. 


FUTURE GOALS 


Despite the considerable advances made in better under- 
standing of diseases and their parasites, the ultimate goal of 
future control for malaria, filariasis, and schistosomiasis re- 
mains clusive. Evidence suggests that whereas control of one 
or more of diseases might succeed in some limited areas. the 
illnesses may spread in many other areas. Propagation of snail 
and arthropod vectors for these diseases occurs rapidly with 
programs to introduce water development projects into new 


impact populations previously 
bled by such diseases. There will be a continued need for well- 
planned epidemiological studies to determine prevalence, in- 
cidence, and intensity of schistosomiasis and filariasis in new 
and old loci. Acquisition of such data will allow the design of 
rational programs. 
The striking advances over the past several years in malaria 


research herald the realistic possibility of a vaccine useful for 
prevention. Use of molecular biological techmiques found help- 
ful in malaria research should find application for filariasis. 
schistosomiasis, and other vector-borne diseases. Panel-spon- 
sored research, contract activities, and free interchange at an- 
nual joint meetings has promoted rapid exchange of information. 
thereby enhancing the chance for better guidelines for control 
of such diseases. There is need for the continued encourage- 
ment and support provided by a ready source of schistosome. 
filarial parasites, and vectors for Panel investigators. Also to 
be encouraged is the sponsorship of targeted projects for de- 
velopment of improved research methodologies, such as the 
cryopreservation of filarial parasites and development of mol- 
luscan cell lines. There were significant advances in devel- 
opment of effective drugs for filarial infections. 

The role of the Parasitic Diseases Panels to successfully 
accomplish scientific advances in these globally i 
vector-borne diseases should be significant and stim- 
ulating. Collaborative efforts of the Panels and their respective 
scientists from Japan and the United States should provide 
considerable progress in those numerous health problems caused 
by these parasitic diseases. 
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PROJECTS SUPPORTED BY THE PROGRAM 


Investigator and Institution Title 
GRANTS 

Nina M. Agabian Molecular Cloning of Schistosome Antigens 
University of California Berkeley 

Masamichi Aikawa Electron Microscopy of Plasmodium—Host Interactions 
Case Western Reserve University 

John W. Barnwell Molecular Analysis of Plasmodium Vivax Surface Antigens 
New York University 

Paul F. Basch Reproductive Biology of Schistosomes 
Stanford University 

Christopher J. Bayne Schistosome-Snail Compatibility: Underlying Mechanisms 
Oregon State University 

James L. Bennett Drugs or Immune Sera: Action on Schistosomules 
Michigan State University 

James L. Bennett HMG-COA Reductase: Role in Schistosome Egg Production 
Michigan State University 

Dov L. Boros Immunoregulation of the Schistosome Egg Granuloma 
Wayne State University 

Timothy J. Bradley Cellular Defense Mechanisms in Mosquitoes 
University of California Irvine 

James E. Byram Schistosome Vitellogenesis and Eggshell Formation 
Harvard University 

loav Z. Cabantchik Malaria Induced Pores in Human Erythrocyte Membranes 
Hebrew University of Jerusalem 

Brian A. Catto Praziquante!, Schistosomiasis & the Oxidation Phenotype 
Medical College of Georgia 

John P. Caulfield S. mansoni: |mmune Induced Surface Changes 
Brigham and Women’s Hospital 

Bruce M. Christensen Immune Response of Mosquitoes to Filarial Worms 


University of Wisconsin Madison 

Daniel G. Colley Immunologic Responses to Schistosoma mansoni 
Vanderbilt University 

Eain M. Cornford Transport Mechanisms in the Schistosome Integument 
University of California 

Catherine A. Crandall Brugian Filariasis in the Ferret 
University of Florida 


Richard D. Cummings Glycoprotein Oligosaccharides of Schistosoma mansoni 
University of Georgia 








Bruce Hammerberg 
Donald A. Harn Jr. 
Harvard University 


Eugene G. Hayunga 
U.S. Uniformed Services University of Health Sciences 


Gene |. Higashi 
University of Michigan Ann Arbor 


George V. Hillyer 
University of Puerto Rico Rio Piedras 


Shu Y. Hsu 
University of lowa 


Joseph W. Inselburg 
Dartmouth College 


Joseph W. Inselburg 
Dartmouth College 


Stephanie L. James 
George Washington University 


Imterpiay of Immunity and Oviposition in Schistosomiasis 


Analysis of Molluscan Faunas and Asian Schistosomiasis 


) on ia H Schi ve 


Schistosoma mansoni—Cysteiny!| Protemase of Eggs 


Schistosoma mansoni. Acidic Proteinase of Adult Worms 


Nucleotide Metsbolism in Schi 


Transit of Schistosome Eggs Through Venular Endothelium 


Synthesis and Evaluation of Macrofilaricidal Compounds 


Migrations and Mortality of Schistosoma 


Molecular Biology of the Malaria Organism Plasmodium 


Molecular Biology of Schistosome Snail Interactions 


Receptor Mediated Pinocytosis in Plasmodium 


Pathogenesis of Filarial Lymphademopathy 


Vaccination Against S. mansoni With Purified Antigens 


Characterization of Schistosome Surface Antigens 


Besincshil Monocionsl Antibodies 1a Sct ' ) 


Defined Immunity Antigens in Schistosomiasis 


Attrition of Migrating Schistosomula in Skin 


Isolation and Study of Mutants of Plasmodium falciparum 


Plasmodium falciparum Antigens for Vaccine Production 


Macrophage Function in Immunity to $. mansoni Infection 








ic L. James 
¢ Washi Universi 
Walter M. Kemp 
Texas Agricultural and Mechanical University 
College Station 
Acaxie Kile 


Public Health Research Institution of the City of New 


York 


Thomas R. Kici 
Louisiana State University Baton Rouge 


Phillip T. LoVerde 
State University of New York Stony Brook 


James H. McKerrow 
University of California San Francisco 
Glenn R. Olds 

Miriam Hospital 
Margaret E. Perkins 
Rockefeller University 
S. Michael Phillips 
University of Pennsylvania 
S. Michael Phillips 
University of Pennsylvania 
S. Michael Phillips 
University of Pennsylvania 


Thiruchandurai V. Rajan 
University of Connecticut Health Center 





Studies on a Nonliving Vaccine Against S. mansoni 


Studies of the Tegumental Surface of Schistosoma mansoni 


Host-Parasite Interactions in Malaria 


Lymphatic Lesson Pathogenesis in Brugia-Infected Jirds 


Candidate Vaccine Protein Antigens of S. Mansoni 


In Vitro Cultivation/Malaria Parasite Plasmodium vivax 


Immunity in a Schistosoma mansoni Abortive Infection 


Toward A Molecularly-Defined Vaccine for Schistosomiasis 


Cercaria-Schistosomule Transformation 


Molecular Basis for Schistosome Reproductive Development 


Characterization of Cercarial Proteinase of S. mansoni 


Modulatory Network Components in S$. japonicum 


Biochemical Studies on Erythrocyte Invasion by Plasmodia 


S. mansoni Vitellogenesis and Granuloma Formation 


In vitro S$. mansoni Fecundity and Granuloma Formation 


The idiotypic Regulation of Resistance to Schistosomiasis 


Molecular Biology of Human Filarial Parasites 











Jerome P. Vanderberg 
New York University 


Anne C. Verza 
University of Alabama Birmingham 


Anne C. Vickery 
University of South Florida 


Franz C. Von Li 
Harvard University 





seosenien Peching Rehawior end Malesia aidemicleny 


Mechanisms of P. falciparum Merozone Invasion 


Erythrecyte-Endothelial Imeractions in Malaria 


Mechanism of Filarial Penetration into Vectors 


seston in, Schl _ 


, Resuletion ia Schi ns 


Membrane Trafficking in Malaria-Infected Erythrocytes 


Rodent Malarial Antigen —PY 117 


, , in Pediatric Cerebral Malar: 


Biochemistry of Schistosome Glutathione S-Transferases 


Role of Glutathione in Drug Metabolism by Schistosomes 


Extracellular Development in vitro of Malaria Parasites 


Nonliving Vaccine Against S$. mansoni 


Organelle Genomes of Malarial Parisites 


Protein Degradation in P. falciparum 


Plasmodium Sporozoite—Host Cell Interactions 


Transcriptional Analyses of the P. falciparum RNA Genes 


Filarial Immunology in Nude Mice 








John H. Wane Eggshell Precursor Protems in Fasciola and Schistosoma 
University of Delaware 


Ching C. Wang Punne Metabolism in Schistosoma mansoni 
University of Califorma San Francisco 

Donald L. Wassom Immunoregulanon m Munne Malana 
University of Wisconsin Madison 

Gary J. Weil Circulating Parasite Antigens in Human Filariass 
Washington University 

Gary J. Weil infective Larvae and Immunity in Filariasis 
Jewish Hospital of St. Louis 

Peter F. Weller Arachidoni Acid Metabolism by Filarial Parasites 
Beth Israc! Hospital ( Boston) 

David J. Wyler Fibroblast Sumulation in Schistosomiasis 
Tufts University 

Mariano G. Yogore Jr Philippine Schistosomiasis japonica: Immune Responses 
University of Chicago 

Timothy P. Yoshino Immunotiology of Schistosome-Mollusc Interactions 
University of Oklahoma Norman 

CONTRACTS 

John |. Bruce Supply of Schistosome-Infected Snails and Mammals 
University of Lowell 

John W. McCall Filarnasis Repository Research Service 
University of Georgia 
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Japanese Parasitic Diseases Panel 


BROAD GOALS 


At the inception of the Program, the Joint Panels decided 
to focus their efforts on two important helminthic infections, 
schistosomiasis and filariasis. In 1972, the Review Committee 
of the Program suggested revising guidelines based on the 
Program's progress. However, in 1975, the Joint Panels re- 
affirmed their desire to confine activities to these two diseases 
rather than to disperse efforts on multiple areas. Both Panels 
continued to carefully review their research activities and dis- 
cuss the guidelines at each joint meeting. In 1983, these ob- 
jective discussions resulted in a guideline change with the 
inclusion of malaria and other hemoprotozoan diseases. The 
current guidelines are presented at the beginning of this section. 


PROGRESS IN PRIORITY AREAS 


Schistosomiasis 


Epidemiology 


No new human or animal cases of schistosomiasis have been 
found in Japan since the last case in the Kofu Basin in 1977. 

A new habitat of Oncomelania nosophora was found in 1985 
in haute Obitsu River Basin in Boso Peninsula on the mainland 
Honshu, Japan. In this region several cases of chronic hepatitis 
due to schistosome infection were detected by chance. The 
inhabitants of the river basin were then examined for schis- 
tosomiasis by the combination of ELISA, CFT, COP, Ouch- 
terlony and by stool examinations. No egg positive cases were 
present, although 70 (19.7%) of 356 examinees were positive 
to more than two of the immunological tests. The younger age 
group of inhabitants such as the students of the primary and 
junior high schools did not show any positive reactions to the 
serological tests. Although the snails were found abundantly 
in irrigation ditches, none of them were found to be infected. 
All evidence indicates that the transmission of schistosomiasis 
has terminated in this area. 

Studies in and around Mwanchinga Village, Kwale, Kenya, 
where urinary schistosomiasis has been endemic, confirmed 
that availability of safe water supply partially reduced the fre- 
quency of water contact of villagers. Praziquantel was superior 
:9 metrifonate in terms of short-term efficacy against schis- 
tusomiasis hematobia but was the same as metrifonate in terms 
of long-term efficacy. 


Vector Biology and Control 


QO. nosophora snails from the Kofu Basin, Japan, which has 
been treated persistently with NaPCP, Yurimin, and Phebrol 
since 1960, were compared with the snails from the Obitau 
River Basin, which has never received any form of snail con- 
trol, to determine their susceptibility to the molluscicides. The 
results showed no evidence of resistance to molluscicides even 
after many years of mollusciciding 
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Parasite Biology 


Cercariometry was carried out in a village in Kenya. S. 
hematobium cercariae showed an apparent daily periodicity. 
Although the number of cercariae observed varied from site to 
site, the highest density was found at 1100 hours at all the 
Study sites, with few cercariae present at 0900 hours or 1600 
hours. 

The pattern of the cercarial emergence of O. nosophora was 
studied outdoors in autumn and winter in Japan. Irrespective 
of the time of submerging the snails into water, the peak level 
of emergence occurred in the early part of the night, though 
the snails released a few cercariae soon after submersion. 

Daughter sporocysts of S japonicum obtained from experi- 
mentally infected O. nosophora were transplanted to nonin- 
fected O.nosophora. it was recognized that daughter sporocysts 
produced granddaughter sporocysts 4 weeks after transplan- 
tation. The granddaughter sporocysts produced cercariae 8 weeks 
after transplantation. The cercariae became mature and emerged 
11 weeks after transplantation. 

An attempt was made to verify the existence of DNA rear- 
rangement in schistosomes in their complex alloiogenesis in 
snail and mammalian hosts. It was shown that DNA eliminaticn 
and rearrangement took place extensively in §. mansoni in the 
course of development of the use of probes cloned randomly 
from S$. mansoni egg DNA. 

Praziquantel-induced hatching of S. mansoni eggs was in- 
hibited by EGTA and Ca** channel blocker. Calcium ion- 
ophore stimulated hatching. Incubation of eggs in a high 
concentration of CaCl, solution enhanced the motility of mir- 
acidia. These results suggested that Ca’ © plays an important 
role in praziquantel-induced hatching of schistosome eggs. 

Ultrastructural changes in the subtegumental cells during 
transformation of S. japonicum cercariae to schistosomula were 
studied after incubation in RPMI 1640 with 1% human serum 
albumin. After a 3-hour incubation, the outer membrane of 
tegument began to change to a 5 or 7 layered structure from 
a 3 layered unit membrane. During this drastic change, the 
nuclei of subtegumental cells and somatic cells altered grad- 
ually from heterochromatic to euchromatic, and membranous 
bodies in subtegumental cells were replaced by tightly packed 
membranous bodies with a decrease of the number of these 
cyton granules. 


Host-Parasite Interactions 


Southern hybridization of the DNA of S. japonicum adults 
and eggs and S. mansoni adults demonstrated the presence of 
the sequences homologous to the env sequences of mouse ec- 
totropic and xenotropic retroviruses. Hybridization was also 
observed between the gag or pol region of the ectotropic murine 
leukemia virus and DNAs of S. mansoni eggs and S. japonicum 
adults. Furthermore, DNAs from S. mansoni eggs and S. ja- 
ponicum eggs and adults showed sequences homologous to the 
mouse repetitive ones, intracisternal A particle, BI, B2 and 








mo-! sequences. The mo-! sequences in schistosome genomes 
were highly methylated in the CG sequence. The restriction 
fragment length (RFLP). using mo-! as a probe. was different 
in DNAs of schistosome and ICR strain. When the host was 
changed to another strain of mice, these RFLPs in DNAs of 
the schistosome were somewhat converted. It was demon- 
strated that BLV., a mammalian retrovirus. was able to infect 
eggs of S. mansoni. 


Pathology 


Serum levels of several markers for liver fibrosis were mea- 
sured in three groups of subjects with schistosomiasis in north- 
east Brazil. None of the sera were positive for antibodies to 
the surface antigen of HBs or circulating HBs antibodies to the 
surface antigen of HBs or circulating HBs antigen. There was 
no significant difference in the serum levels of N-terminal 
peptide of procollagen type II] between the egg-positive sub- 
jects and either of the egg-negative Brazilian or Japanese im- 
migrants, whereas the mean value of serum laminin was found 
to increase significantly in the egg-positive subjects. A sig- 
nificantly higher level of immunoreactive B-subunit of prolyl 
4-hydroxylase was also observed in the egg-positive subjects. 

Low responsiveness in egg granuloma formation in the liver 
of mice was induced by different immunization schedules such 
as 6-8 subcutaneous injections of 10,000 lyophilized eggs or 
an intraperitoneal injection of a large dose (60,000) of live 
eggs. Transfer of spleen cells from chronically infected mice 
into mice that had been previously injected with S. japonicum 
eggs resulted in a decrease of hepatic granuloma size. On the 
other hand, oral administration of lalpha-hydroxyvitamin D3 
resulted in an increase of angiotensin converting enzyme (ACE) 
activity in hepatic granulomas, suggesting the production of 
ACE by macrophages which might modify granulomatous hy- 
persensitivity in murine schistosomiasis mansoni. 

Eggs of S. japonicum and S. mansoni obtained from the 
livers of mice were incubated in vitro for 3 days and the culture 
fluid was added to the monolayer of BALB 3T3 cells. DNAs 
from transformants 3 weeks in culture were isolated and di- 
gested with EcoRI or BamHI. Southern blot analysis revealed 
that among the oncogenes examined, only v-Ha-ras insert DNA 
(0.46 kbp) was able to detect some additional signals in DNAs 
of transformants. The presence of Ha-ras related sequences 
was shown in the DNA of the schistosome. On the other hand, 
amplified Ha-ras sequence was detected in the DNA of a hep- 
atoma caused by chronic infection with S. japonicum. 


Immunology 


Immunohistochemical analysis was made by an avidinbi- 
otinated horseradish peroxidase complex procedure using goat 
antisera against various viral products or the whole virions of 
mouse retroviruses and adults of §. japonicum and S. mansoni 
obtained from mice. The specific reaction with the parasites 
was Observed by using the antiserum against gp70 (glycopro- 
tein produced by the e/v gene) of mouse xenotropic retrovirus, 
BALB virus 2(Bv2). This reaction was completely inhibited 
by preabsorption of the antiserum with virions of retrovirus. 
The antigen was located in the subtegumental layer of the adult 
fluke and the vitelline gland of the adult female of S. japon- 
imum and S$. mansoni. 





A mouse hybridoma that produces an IgE antibody specific 
for S. japonicum has been established. The antibody recognized 
a 97 KDa antigen expressed on the surface of a mechanically 
transformed schistosomula and a partial but significant protec- 
tion was induced by passive transfer of antibody when antibody 
was administered in the carly stage of challenge infection. 
Eosinophil-mediated damage to schistosomula was observed 
in vitro in the presence of the monoclonal IgE antibody. 

Low responsiveness of CS7BL/6 mice im protective immu- 
nity against $. japonicum infection was demonstrated by using 
a vaccine model. In addition, peritoneal macrophages of CS7BL/ 
6 mice showed only a marginal killing activity against me- 
chanically transformed schistosomula in the presence of a mon- 
oclonal IgE antibody to S. japonicum (SJ18e.1), in marked 
contrast to macrophages of DBA/2, a responder strain. 

Immunopathological properties of human T lymphocyte clones 
(CD3+, CD4+, CD8—) specific for S. japonicum soluble 
egg antigen (SEA) were examined by using three fractions of 
SEA with different molecular weight. All clones were reactive 
to Fraction Ilimw 7000-17000), suggesting the existence of 
epitope specific regulatory mechanisms in SEA-driven T lym- 
phocyte response in man. Furthermore, at least two distinct T 
cell epitopes were demonstrated in Fraction II. Out of 8 clones 
tested, three were involved in delayed hypersensitivity to schis- 
tosome eggs in vitro. These results suggest that Fraction II is 
responsible for induction of immunopathological T lymphocyte 
response in human hosts. 

Yatients with post-schistosomal liver cirrhosis (PSLC) showed 
a ‘igh response to S. japonicum antigen, in terms of T cell 
p oliferative response, in vitro. The low response to S. japon- 
icum antigen, statistically associated with HLA-Dw12-DR2- 
DQw!, was mediated by CD8+ suppressor T cells specific 
for S. japonicum antigen. Thus, the HLA-Dw12-DR2-DQw! 
haplotype is a nonresponder haplotype to S. japonicum antigen 
that controls the resistance to PSLC, through antigen-specific 
suppressor T cells. 

The ability of T cell line YY and autologous APC as well 
as HLA-DR2 shared allogeneic APC to respond to S. japon- 
icum antigen was markedly blocked by anti-HLA-DR mono- 
clonal antibody(mAb) and was not affected by anti-HLA-DQw! 
or by anti-HLA-class | mAbs. These findings confirmed that 
the HLA-DR2 molecule plays a role as a restriction molecule 
in the antigen presentation by APC to CD4+ T Cells, even 
through the DR2 originated in a nonresponder haplotype. A 
blocking study using various anti-HLA mAbs revealed that the 
nonresponse of whole mononuclear cells (WMN) of nonre- 
sponders was restored by the addition of anti- HLA-DQwI mAbs. 
The restored response was at the same level as that obtained 
when CD&( + ) suppressor T cells were removed from the cul- 
ture. Because the anti DQmAb did not directly enhance the 
response of the T cell line on S. japonicum antigen or of WMN 
to other nominal antigens, it is most probable that the anti 
DQq! mAb blocked the S. japonicum antigen-specific immune 
suppression. In the nonresponder haplotype, the DR2 molecule 
could present antigen to CD4( +) T cells to respond to S. 


japonicum antigen but this immune response was suppressed 


due to the presence of suppressor T cells controlled by the 
DQw! molecule in the same nonresponder haplotype. In other 
words, HLA-DQ is epistatic to HLA-DR in regulation of the 
immune response to S. japonicum antigen. 

One laboratory established HLA class II transgenic mice. A 
transgenic mouse to which HLA-DQ alpha and beta gene were 
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introduced expressed HLA-DQw! molecule in thymus, spleen, 
lung alveolar macrophage. and dermal cells. The B cells of 
the DQ transgenic mouse stimulated a mixed lymphocyte re- 
action (MLR) of the CS7BL’6 mouse. The immune respon- 
siveness to schistosomal antigen was measured by the in vitro 


T lymphoproliferative response of lymph node cells from mice 
immunized subcutancously by 2Sug of crude worm antigen. 


Biochemistry 

Excretory end-products of adult S. japonicum, fed D-(13C,) 
glucose in vitro under acrobic and anacrobic conditions, were 
studied using 'H- and '‘C-nuclear magnetic resonance (NMR) 
spectroscopy. The presence of (13C3) and 2.3(13C2) lactate. 
and 1,2,2,'(13C3) and 2,2°(13C2) succinate as endproducts 
suggests that a partial reversed TCA cycle is active in the adult 
worms under anacrobic conditions. With eggs of S. japonicum, 
the endproducts under acrobic conditions were found to be 
lactate and alanine. The young sporocysts produced pyruvate, 
acetate, and succinate besides lactate and alanine under both 
aerobic and anacrobic conditions. 


Chemotherapy 


Efficacy of levo- and dextro-paraziquantel (PZQ), optic iso- 
mers of PZQ, on worm reduction and oviposition was com- 
pared with PZQ in mice infected with S. japonicum or S. 
mansoni. it was found that levo-PZQ was effective against S. 
japonicum whereas the isomer as well as PZQ was less effective 
against S. mansoni but not so against S$. japonicum. Ultrastruc- 
tural observations demonstrated degeneration of the genital 
organs of S. japonicum treated with levo-PZQ in addition to 
previously known damage of the tegument caused by PZQ. 


Filariasis 


Epidemiology 


In San Vicente Pacaya, Guatemala, fly-bite frequency on 
the skin and the intensity of transmission of filariasis was 
statistically analyzed. The study revealed that the number of 
fly-bites in the upper body roughly reflected the incidence rate 
by age and sex. 

In the endemic areas of onchocerciasis in Ecuador, a com- 
parative study was conducted on the transmission potential of 
three species of blackfly. An experimental infection study re- 
vealed that Similium exiguum has high susceptibility to Onch- 
ocerca volvulus, while the susceptibility of S$. quadrivitiatum 
was very low. By using human-bait method, it was clarified 
that in the upper area of Rio Cayapas, S. exiguum was the 
most dominant species, while in the middie area of this river 
and Rio Santiago, §. quadrivittatum was the most dominant 
species. Only a few S. pseudoantillarum were collected in any 
areas surveyed. S. exiguum harbored the first stage larvae of 
O. volvulus, thus indicating the importance of this species in 
the transmission. 


Vector Biology and Control 


Success was obtained in inducing S. ochraceum to lay eggs 
in the laboratory. the oviposition rate and hatching rate of eggs 
were 55% and 72%, respectively. The lifespan of microfilariac 
released in vitro by Dipetalonema viteae was studied. The 
presence of serum in culture medium facilitated the subsequent 
development of larvae in the tick, Ornithodorus tartakovski. 
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The wing-sound trapping for male mosquitoes was effective 
in control of mosquitoes. For the species of the genus Mansonia 
the sound of 330-350 Hz together with an animal in a cage 
and dry ice was the most effective. while for Aedes albopictus 
the sound of 480 Hz with the animal caged and dry ice was 
most efficient. The combination with other strategies may hold 
promise for the future. 

A new approach to human blood index of mosquitos was 
made by using the DNA hybridization technique and identi- 
fication of mosquitos that have fed on men and cows is now 
possible. 


Host-Parasite Interactions 


In cotton rats infected quantitatively with 20 infective larvae 
of Litomosoides carinii the course of infection was followed 
up to 9 months after inoculation. Microfilarial (mf) density of 
infected animals was periodically meacured and the fecundity 
of adults extirpated surgically was examined under culture con- 
ditions in vitro. These results were compared in order to es- 
timate mf-killing activity of the host animal. it was disclosed 
that mf produced were pooled in the host animal without being 
damaged up to 3 months after inoculation. The mf density 
reached its peak 3—5 months after infection and it was gradually 
decreased by the killing mechanism. There are two modes in 
the reduction phase. one is rapid and the other is slow, though 
no difference exists in the worm burden in the hosts. In rats 
with higher mf density the OD value of ELISA was somewhat 
lower than those with lower mf density, while no suppressive 
effect of sera on mf-production was found in the former ani- 
mals. 


Immunology 


Several monoclonal antibodies were developed against dif- 
ferent species and different stages of filarid worms. In a lab- 
oratory 8 monoclonal antibodies against mf of Brugia malayi 
(belonging to IgG1, IgG2b, IgG3) were established and they 
were indicated effective to distinguish circulating mf in the 
mice which have been experimentally transfused with 200,00 
mf. In another laboratory localization of IgE-inducing allergen 
and IgG-inducing antigen was examined in sectioned Dirofi- 
laria immitis by the indirect immunofluorescence method. Al- 
lergen was found in the body cavity fluid and excretory canal, 
while the IgG-inducing antigen was in the musculature layer 
and the inner layer of cuticle. 

In an old bancroftian filariasis focus in Goto Island, Na- 
gasaki, it was demonstrated that the antibody titer against fi- 
larial antigen was significantly higher among adult T cell leukemia 
(ATL) patients than among ATL virus uninfected persons, both 
males and females. The mechanism involved in the transfor- 
mation of T cell must be investigated. 

A total of 17 monoclonal antibodies against O. volvulus was 
used to search for the antigenic similarity of O. volvulus to 
other 13 species of parasitic helminths by immunofluorescence. 
The cluster analysis of the results obtained indicated that As- 
caris lumbricoides suum was the closest species to O. volvulus 
in antigenic Composition, and a possibility that some proxy 
antigens would be attained from A. /umbricoides suum in leu 
of O. volvulus. 

Eosinophil response to filarial infection was studied. In Bru- 
gia pahangi-jitd and Litomosoides carinii-cotton rat models, 
eosinophil response is suppressed when animals have become 











patent infected. In B. pahangi-BALB/c or C5S7BL’6 model, 
eosinophil and macrophage play an important role in the pro- 
tective immunity. 

A high protective immunity (100%) was induced in BALB 
¢ mice against B. malayi by immunization with 500,00 mr 
emulsified in FCA. Likewise, a high protection (95%) was also 
induced in C3H/HeN mice, while only 19% protection was 
formed in C3H/HeJ. The degree of protection in such C3H) 
He substrains did not correspond to their response to LPS. 

Microfilarial antigens were affinity purified using 4 kinds 
of monoclonal antibodies (mAbs) against B. malayi. Two of 
them induced relatively high protection (71% and 56%) in 
BALB/c mice by immunization. The mAbs were screened to 
detect circulating antigens in blood using avidinbiotin ELISA. 
A mAb, detectable to circulating B. malayi antigens, was not 
specific to B. malayi but cross-reactive to Litomosoides carinii, 
B. pahangi, Dirofilaria immitis, or Paragonimus westermani. 
The molecular weight of the antigen detected by the mAb was 
40 KDa. 


Chemotherapy 


Milbemycin-D was given to cotton rats intrathoraciacally as 
a single dose of | mg/kg. and the infective larvae of Litomo- 
soides carinii were inoculated into the animals. This study was 
designed to examine its activity particularly against the larvae. 
The drug exhibited a remarkable inhibition of the larval growth 
being 5 times as strong in antifilarial activity as Flubendazole. 
Microfilaricidal action of Milbemycin-D was examined for Di- 
petalonema viteae in hamsters by administering subcutaneously 
at a dose of 100 mg/kg for 5 consecutive days. The treatment 
resulted in 75% reduction in worm recovery. 

An in vitro study on the mode of action of diethylcarbam- 
azine (DEC) revealed an antibody-independent elimination of 
microfilariae from the blood of mice infected with B. pahangi. 
The infective B. pahangi larvae exposed to DEC in vitro seldom 
developed or survived in jirds. 

It was shown that DEC inhibited polymerization of tubulin 
extracted from fresh porcine brains and caused depolymeri- 
zation of tubulin. An electron microscopic observation revealed 
unraveling of the end of assernbled microtubules in DEC so- 
lution. 


Malaria and Other Hemoprotozoan Diseases 


Epidemiology 


Of 1,054 man-biting sandflies from the Department of Canar, 
Ecuador examined for leishmanias, 2 species, Lutzomyia trap- 
idoi and L. hartmanni, were found infected. The rates of in- 
fection were 7.7% in the former and 3.9% in the latter species. 
Six man-biting species of sandflies were collected in a human 
bait survey at 7 study areas in 5 Departments. 

Indirect fluorescent antibody test( IFAT) was found efficient 
and applicable to immunodiagnosis for Japanese cases of ma- 
laria. IFAT using P. falciparum and P. vivax antigens was 
conducted on 53 Japanese blood positive malaria cases. Co- 
incidence of species diagnosis between blood examination and 
IFAT was almost complete, showing a coincident rate of 23/ 
24 for P. falciparum and 26/26 for P. vivax. Fifty-eight Jap- 
anese volunter~ students who had never been abroad were 


tested but none were positive in IFAT 





Leishmania spp. collected in Ecuador were examined by 
isoenzyme method and immunological technique using mon- 
oclonal antibodies and they were identified as follows: Leish- 
mania isolated from Potos flavua, Sciurus wulgaris, and 
Tamandua tetradactyla was L. amazonensis, that from 3 pa- 
tients was L. panamensis, and that from Sciurus granatensis 
and 2 patients was a L. major-like parasite. 


Parasite Biolog, 


P. falciparum grows within human red cells, in which low 
levels of Na” and high levels of K~ are maintained by the 
membrane Na“. K* -ATPase. On the other hand it ts revealed 
that mouse erythrocytes infected with P. yvoelii have signifi- 
cantly reduced K* contents with concomitant increase in Na’ 
contents. Whether or not high levels of K~ and low levels of 
Na” in erythrocyte cytoplasm are necessary for the growth of 
P. falciparum were then examined. When human red cells were 
incubated with ouabain, an inhibitor of Na’, K ° -ATPase, in 
order to increase Na“ contents, the treated red cells indeed 
increased Na* contents and reduced K * contents considerably, 
and the Na*/K° ratio reversed 4 to 6 days after incubation. 
However, the presence of ouabain in culture did not inhibit the 
growth of P. falciparum as checked by daily examination for 
parasitemia. These results may indicate that the growth of P. 
falciparum does not depend on high levels of K* and low 
levels of Na* found in the normal erythrocyte cytoplasm. 

In order to obtain fundamental knowledge concerning mem- 
brane transport of cations in malaria-infected erythrocytes, 
cloning of genes for cation-transporting ATPase of P. yoelii 
was attempted. A genomic DNA library of the parasite was 
constructed using ZAP. Several clones were gotten by screen- 
ing the library with synthetic 21-mer oligonucleotide, the se- 
quence of which was derived from genes for ATPases of other 
organisms. Partial sequencing revealed that one clone had a 
high homology with rabbit sarcoplasmic Ca2* * ATPase. 

A trial to induce gametocytogenesis in cultured P. falcipo 
rum was carried out and it was found that the culture super- 
natant of anti-P. falciparum antibody-producing hybndoma cells 
was capable of inducing the gametocytogenesis. It was also 
proved that human serum in P. falciparum culture could be 
replaced by horse serum. The gametocytogenesis-induciblic 
substance was proved to be heat-stable, insoluble in organic 
solvents, water soluble, and of smaller molecule than | ,000. 

Progress has been made in studies on the nature of a gene 
for polymorphic surface antigen of P. falciparum merozoite 
(p190). It was revealed that variable sequences were not se- 
questered in the genome as silent copies akin to those of the 
variant specific surface antigen gene of Trypanosoma, that the 
pl90 gene existed in a single copy of the haploid genome of 
the parasite, and that the intragenic recombination of alleles 
created polymorphism of the surface protein 

Attempts were made to pinpoint the target(s) for acivicin in 
pyrimidine and purine biosynthesis in the trypanosomatids and 
to assess the mechanism of growth inhibition of organisms by 
this compound. It was shown that in pyrimidine and purine 
biosynthetic pathways in trypanosomatids, glutamine-depend- 
ent key enzymes, GMP synthetase and CTP synthetase, were 
actually operative, and that acivicin primarily targeted these 
two enzymes, leading to the inhibition of CTP, GTP, and dGTP 








syntheses and consequently to the inhibition of RNA and DNA 
syntheses. Acivicin appeared to be cytotoxic to Leishmania 
mexicana in vivo. 


Chemotherapy 


In studies designed to search a possible mechanism for an- 
timalarial action of chloroquine and related drugs, it was dem- 
onstrated that the ferr-proto-porphyrin LX(FPIX)-chloroquine 
complex remarkably promoted peroxidative cleavage of un- 
saturated phospholipids in liposomes, compared with FPIX 
alone. Quinine, mepacrine, or mefloquine also made a coor- 
dination complex with FPIX. Each complex then induced the 
membrane lipid peroxidation more powerfully than FPIX alone. 
On the other hand, primaquine which is not so effective in 
killing the parasites in endoerythrocytic stages, neither coor- 
dinated with FPIX nor promoted the lipid peroxidation. 


SIGNIFICANT ACCOMPLISHMENTS 


Since the inception of the Japan-U.S. Cooperative Medical 
Science Program in 1965, the focus of the Joint Panels on 
Parasitic Diseases has been restricted to schistosomiasis and 
filariasis. In 1984, both the Japanese and U.S. Panels revised 
the guidelines that expanded their research to malaria and other 
vector-borne hemoprotozoan infections. 


Schistosomiasis 


Epidemiological surveys for schistosomiasis were conducted 
intensively in Japan and Asian, African, and South American 
countries. 

Control of schistosomiasis in Japan was successfully achieved 
during the first 10 years of the Japan-U.S. Program by means 
of well-planned vector snail control; i.¢c., through the lining of 
all irrigation ditches in ricefields with concrete and the appli- 
cation of molluscicides. In addition, overall rise in economic 
and social standards cannot be overlooked. As a result, no new 
human cases have been found in this country since the last case 
in the Kofu Basin in 1977. 

A new habitat of Oncomelania nosophora was found in 1985 
in the Obitsu River Basin in Boso Peninsula on the mainland 
Honshu, Japan. Although the snails were found abundantly in 
irrigation ditches, none of them were found to be infected. All 
evidence may indicate that the transmission of schistosomiasis, 
if it ever existed, has already been terminated in this area. 

In the Philippines, seven new colonies of the vector snail 
O. quadrasi were discovered on Bohol Island in addition to 
six locations from which the snails were previously reported. 
Mass chemotherapy with pr..ziquantel on Bohol Island re- 
markably reduced transmission as measured by incidence. The 
uneven distribution of the snail, O. quadrasi, was thoroughly 
studied and the snail survey data were successfully normalized 
by a simple transformation formula, log(x + 0.01). Studies on 
molluscicides have been carried out with phebrol, a synthetic 
compound, and with the seed of Jatropha curcas, a plant mol- 
luscicide. 

In vitro culture media were improved for S. japonicum adults, 
eggs and miracidia, and for the midgut tissues of O. nosophora 
The killing effect of monoclonal antibodies of IgG!, IgG2a. 
and IgE, neutrophils, eosinophils, and complement on schis- 





tosomula in vitro was studied. Daughter sporocysts of S. man- 
soni and S. japonicum have been successively transplanted into 
B. glabrata and O. nosophora, respectively. 

An extraordinary molecular biological discovery was a stnk- 
ing DNA sequence homology between the envelope glycopro- 
tein sequence of murine retrovirus proviral DNA (env) and 
genomic DNA of S. japonicum and S$. mansoni, as well as 
homology between gag and the eggs of S. mansoni and a 
portion of the pol sequence and adult forms of S. japonicum. 
Recombinant DNA fragments derived from the S. mansoni 
eggs did not hybridize with DNAs of male or female adult 
worms of §. mansoni suggesting rearrangements and deletions 
of DNA sequences occurs during development of S. mansoni. 

A mouse hybridoma that produces an IgE antibody specific 
to S. japonicum has been established. The antibody recognized 
a 97 KDa antigen expressed on the surface of mechanically 
transformed schistosomula and a partial but significant protec- 
tion was induced by passive transfer to the antibody when 
administered in the carly stage of challenge infection. 

In populations residing in an endemic area at the Kofu Basin, 
Japan, low responsiveness to schistosome antigen in T cell 
proliferation response in vitro was found to be associated with 
HLA-Dw12-DR2-Dqw! haplotype. Low responsiveness was 
controlled by antigen-specific CD8 + suppressor T cells. Fur- 
ther studies using monclonal antibodies to HLA-class II anti- 
gens and long-term cultured T cell lines revealed that the HLA- 
DQw 1! molecule of the nonresponder haplotype its a product of 
the immune suppression (Is) gene and that the molecule plays 
a major role in the antigen-specific suppression to S. japonicum 
antigen by overcoming the function of the DR2 molecule, a 
product of immune response gene which acts as a restriction 
molecule in interactions between T cells and monocytes to 
respond to the antigen. A significant decrease in the frequency 
of this particular HLA haplotype as well as a significant in- 
crease in that of HLA-Dw19-DRw13-DQw! haplotype was 
observed in patients with post-schistosomal liver cirrhosis. These 
patients showed a high response to §. japonicum antigen, sug- 
gesting that the Is gene controls the resistance to induction of 
liver cirrhosis due to S$. japonicum infection. 

Blood added to filter paper and then stored in a desiccator, 
even at room temperature in the Tropics, was a satisfactory 
source of antibody. Several serological methods for diagnosing 
schistosomiasis have been developed that are highly reliable. 
Hemoglobin specific protease exhibited species specificity in 
RAST. 

Clinical observations on cerebral and hepatosplenomegalic 
types of schistosomiasis were done in Japan and in the Phil- 
ippines. Characteristic clectroencephalograms were found in 
both areas. 

The etiology of cerebral schistosomiasis was found to be 
due to the egg embolism and/or vascular changes in the brain. 
The action of praziquantel on forced shedding of miracidium 
from the egg was clarified. S. japonicum was highly suscep- 
tible to levo-praziquantel, an optic isomer of praziquantel, but 
S. mansoni was not 

In the study on the de novo pathway of pyrimidine synthesis 
in S. mansoni, carbamoylphosphate synthetase was found to 
play a key role in the initial steps. A unique cyanide insensitive 
pathway was found in a mitochondria fraction of B. galbrata 














Filariasis 


The control of human filariasis in Japan was completed after 
a 1962-69 campaign using selective mass treatment with di- 
ethylcarbamazine (DEC). Improvement of the filtration tech- 
nique for microfilaria (mf) detection made the survey efficient 
and satisfactory. The methods of data analysis for mf density 
and periodicity in a locality were devised for characterizing 
the local epidemiological features. In an old bancroftian filar- 
iasis focus in Goto Island, Kyushu, it was demonstrated that 
the antibody titer against filarial antigen was significantly higher 
among adult T cell leukemia (ATL) patients than among ATL 
virus uninfected persons of both sexes. 

Since 1973, epidemiological studies were performed on 
onchocerciasis in Guatemala. The prevalence of mf in the skin 
and eyes was 32.2% and 6.2%, respectively. The annual mf 
incidence observed in the skin was 6.4% and 3.5% in males 
and females, respectively. Serologic methods for diagnosis 
were advanced fairly well using various antigens. Antigens 
derived from adult D. immitis, specifically IgG and IgE, were 
separated and their chemical characteristics were analyzed. 

In the endemic areas of onchocerciasis in Ecuador, it was 
observed that in the upper area of Rio Cayapas, S. exiguum 
was the most dominant species, while in the middle area of 
this river and Rio Santiago, S$. quadrivitiatum was the most 
dominant species. Only a few S.pseudoantillarum were col- 
lected in any survey area. 

A new approach to human blood indexing of mosquitoes 
was made by using DNA hybridization technique, and iden- 
tification of mosquitoes fed on man and cows is now possible. 

igE-inducing allergen was found in the body cavity fluid 
and excretory canal in sectioned D. immitis, while the IgG- 
inducing antigen was in the musculature layer and the inner 
layer of cuticle. In B. pahangi-BALB/c or CS7BL’/6 model, 
eosinophils and macrophages played an important role in the 
protective immunity. A high protective immunity was induced 
in BALB/c and C3H/HeN mice against B. malayi in immu- 
nization with 500,000 mf emulsified in FCA. Only 19% pro- 
tection was formed in C3H/HeJ. 

Of two types of b-cytochrome functioning in the electron 
transport system of D. immitis, one was oxidizable by fumar- 
ate. This indicated the presence of an alternate electron trans- 
port system employing fumarate as the hydrogen acceptor. 

Several animal models of filariasis were established which 
strengthened pathophysiological and therapeutic studies. The 
results of studies on the mechanism of action of DEC indicated 
that immunological conditioning together with macrophage ac- 
tivity was required for the drug to be active. DEC inhibited 
polymerization of tubulin extracted from fresh porcine brains 
and caused depolymerization of tubulin. An ultrastructural ob- 
servation revealed unraveling of the end of assembled micro- 
tubules in DEC solution. Milbemycin-D exhibited a remarkable 
inhibition of the larval growth of L. carinii being 5 times as 
strong in antifilarial activity as Flubendazole. 


Malaria and other hemoprotozoan diseases 


P. falciparum grows within human red cells, in which low 
levels of Na’ and high levels of K° are maintained by the 
membrane Na*, K*-ATPase. Its growth did not depend on 
high levels of K* and low levels of Na* found in the normal 
erythrocyte cytoplasm. 


Progress has been made in studies on genetic dimorphism 
in a surface antigen gene of P. falciparum merozoite (termed 
p190 or gp195), which is a candidate for a malaria vaccine. 
The complete nucleotide sequence of the MAD20 p190 gene 
was determined using cloned genomic DNA. The gene was 
AT-rich (75%) and had a single open reading frame coding for 
1,701 amino acids. Its predicted size (194 kDa) was greater 
than p!190 from the KI and Wellcome strains (188 kDa) pre- 
viously reported. The protein had a putative signal peptide at 
the N-terminus, followed by a group of tandem repeats of 
tripeptide, and a cluster of hydrophobic amino acids at the C- 
terminus. Comparisons of the MAD20 p190 gene with that 
from the KI, Wellcome, and FUP strains revealed that the 
gene consisted of several variable blocks of sequences flanked 
by conserved or semiconserved blocks. Southern blot and hy- 
bridization studies using variable and constant fragments of 
the p190 gene demonstrated that cach strain of P. falciparum 
had only a copy of the pl90 gene in the genome and that 
variable sequences were not sequestered as silent copies akin 
to those of the variant specific surface antigen gene of Try- 
panosoma. The p190 gene existed in an allelic form exhibiting 
dimorphism. 

In pyrimidine and purine biosynthetic pathways in trypa- 
nosomatids, glutamine-dependent key enzymes, GMP synthe- 
tase and CTP synthetase, were actually operative. Acidvicin 
primarily targeted these two enzymes, leading to the inhibition 
of CTP, GTP, and dGTP syntheses and consequently to the 
inhibition of RNA and DNA syntheses. 


FUTURE GOALS 


Panel-sponsored activities were expanded in 1984 to include 
research on malaria and other vector-borne protozoan infec- 
tions. At that time newer technologies, particularly the use of 
monoclonal antibodies and recombinant DNA tenchnologies 
had already been introduced into the study of malaria. It was 
thus anticipated that these new molecular and genetic tools and 
approaches found helpful in malaria research should find ap- 
plication for the vector-borne helminthiases, schistosomiasis, 
and filariasis. 

As has been evident in the past 5 years, the highly interactive 
activities by scientists of both Panels on Parasitic Diseases have 
been fruitful in integrating the most modern molecular genetic 
and immunological approaches to attacking these major tropical 
diseases. Efforts will continue to increase understanding of the 
vector-borne helminthic and protozoan infections, thereby al- 
lowing development of effective modes of prevention or treat- 
ment of these major worldwide threats to human health. Strategies 
include vector control, interruption of the parasite lifecycle. 
and reduction of the amount and effects of infection in man 
by vaccination, chemoprophylaxis, or other modalities. 
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Joint Scientific Conferences 


PARASITIC DISEASES PANELS 


Date: August 12-14, 1985 


Place: East Lansing. Michigan 

Summary: The 20th Joint Conference of the Pancls on Par- 
asitic Diseases was held at the Kellogg Center of Michigan 
State University and was attended by approximately 60 par- 
ticipants, 6 of whom were from Japan. Thirty-three scientific 
papers were presented on aspects of the immunology. phar- 
macology. bi hemistry. and molecular bhology of schistosom- 
iasis, filariasis, and malaria. Definition of protective immunc 
responses ami mechanisms of antiparasitic drug action were 
two major topics of discussion. A highlight of the mecting was 
a field trip «© the Kellogg Biological Field Station. 


Date: September 2-5, 1986 


Place: Chiba, Japan 

Summary: More than 80 participants attended the 21st Joint 
Conference of the Panels on Parasitic Diseases. including 11 
from the Unitd States. Eighteen presentations described re- 
search on filariasis, schistosomiasis, vector biology, and ma- 
laria, with emphasis on aspects of immunopathology, 
immunodiagnosis, biochemistry, and molecular biology. A 
minisymposium was included to discuss recent advances im the 
potential use of monoclonal antibodies mm parasitic disease re- 
search. These presentations described the use of monoclonal 
antibodies to define potential vaccine immunogens and pro- 
tective immune mechanisms against schistosomes and filana 
The final day of the meeting included an ecological tour, m 
which the group was shown areas where transmission of the 
human lung fluke, Paragonimus, had recently been reported 
and where the snail vectors for schistosormmasis were present 
in land irrigated for nce farming 


Date: August 19-21, 1987 
Place: Williamsburg, Virginia 


Summary: The 22nd Jomt Conference of the Panels on Par- 


asitic Diseases was held in Colevial Williamsburg. with 25 
participants including 7 fromm Japan. Twenty-six reports were 
presented, incorporating research on vaccine production, che 
motherapy and chagnosis on schistosomiases. filariasis, and ma 


lana. A minisymposium cntitled ““Targets and tactics of drug 
design’ featured gencral presentations on strategies and basic 
principles of antiparasitic chemotherapy. as well as specific 
discussions on cnzymatic and physiologic targets for the ra- 
onal design of drugs against nematode and trematode para- 
sites 


Date: Suly 17-20, 1988 


Place: Tokyo, Japan 

Summary: Approximately 100 participants, !2 of whom were 
from the United States. attended the 23d Joint Conference on 
Parasitic Diseases held at the Tokyo Medical amd Dental Uni- 
versity. A total of 44 papers on schistosomiasis. filariasis, and 
malaria research were presented. These included descriptions 
of candidate vaccine immunogens for Brugia malayi, Schis- 
tosoma mansoni, and Plasmodium falciparum. A mnisym- 
possum on ‘Application of techmques in molecular biology to 
parasitology research’’ covered broad topics related to genetic 
control of protective response to parasites in the vertebrate host 
and the vector, isolation and characterization of recombi « 


parasite antigens, and genetic rearrangements occurring witha. 
differemt parasite lifecycle stages 


Date: July 31-August 2 


Place: Madison, Wisconsin 
Summary: The 24th Jot Conference of the Panels on Par- 
asitic Diseases was held at the University of Wisconsin in 
Madison. More than 34 participants attended, including 10 
from Japan, and 3%) papers were presented 

In the area of malaria research, antigens mivolved in trans- 
mission blocking. infectivity for the human host, cytoadher- 
ence, and diagnosis were described. The role of T lymphocytes 
im protective immunity agamst malaria was also discussed 
Several reports detailed mechanisms of drug action and drug 
resistance im schistosormasis, filariasis, and malaria. Interac- 
tions affecting parasite development m the mvertebrate host 
were described i schistosomiasis and filariasis. A series of 
molecular studies armed at understanding mechanisms of gene 
capression im malana and filana, and at developing diagnostx 
probes was reported. The role of proteases im the infectivity 
of schistosomes and nematode parasites was also discussed 
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Profiles 


U.S. TUBERCULOSIS PANEL 


Dr. Frank M. Collins 


Chairman (1986—Present) 


Dr. Collins received tis Ph.D. degree from the University of Adclande, Australia 
m wmmunochemstry m 1961 and D.Sc. degree m mucrotiology from the same 
university im 1976. He ts currently a member of the Trudeau Institute, Inc. He has 
published extensively on the mmmunc response to persistent mycobacterial miec 
tions, the immunology of tuberculosis. the kinetics of the delayed-type hypersen 
sitivity response in tuberculosis. etc. Dr. Collins has chawed the U.S. Tuberculosis 
Panel since 1986 


Dr. Mayer B. Goren 
Chairman 


Dr. Goren was a member of the U.S. Tuherculosis Panel 1977~1980 and Chair 
man, 1980-1986. Dr. Goren was born in Tomaszow, Poland and emigrated to 
Dallas, Texas m 1927. He studied at Bavior University. Rice University (B.A. and 
M.A. in chemistry, 1942, 1943), and Harvard University (Ph.D... organic chemistry 
1950). After Harvard he was Assistant Professor of Chemistry at Northeastern 
University, Boston, Mass... 1949-1951. He was a chemist for Kerr-MecGee Oil 
industnes, Oklahoma City, Oklahoma from 1952 to 1963 when he mowed to Na 
tonal Jewish Hospital in Denver, Colorado, as a research scientist in the Department 
of Rex« arch and | aboratones with Ly Cardnet Middlebrook Research there on 
volved mmunciogical studies with Cryptececcas neoformans and the surface chem 
istry of mycobacteria——especially of lipids putatively mmplicated in virulence or in 
attenuation, structural chemistry and synthesis, utilization of mycobacterial lipids 
m tumor mmmunotherapy, and macrophage function especially as influenced by 
mycodacterial ;aoducts. He currently 1s the Margaret Regan Investigator in Chemical 





Pathology at National Jewish Center, and Professor of Microbiology Immunology 
at the University of Colorado Health Sciences Center 
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Dr. Yuichi Yamamura 
Chairman 


After returning from the navy, Professor Yamamura started his research career 
in the Department of Organic Chemistry, Faculty of Science, Osaka University and 
worked as a medical doctor in the National Sanatorium Toneyama Hospital. At that 
time, he proved, in rabbits, that experimental tuberculosis cavities were produced 
by the allergic reaction to the cellular components, especially protein fraction of 
tubercle bacilli, not by living tubercule bacilli. This is not just one of the most 
important works of experimental tuberculosis but also a pioneer study in the field 
of cellular immunology. He was appointed as Professor of Medicinal Chemistry, 
Faculty of Medicine, Kyushu University in 1958 and then he became the Chairman 
and Professor of Internal Medicine, Osaka University Medical School in 1962. As 
a professor of medicine, he expanded his research into immunology, hematology, 
endocrinology, oncology. etc. Especially, he was interested in the biochemical and 
immunological studies of wubercle bacilli, and he has worked extensively on the 
application of mycobacterial cell-wall skeleton on cancer immunotherapy. He was 
elected as a president of Osaka University and stayed in this position from 1980 
to 1986. 

Since the start of the Program, he was a member of the Tuberculosis Panel and 
later, Chairman. Subsequently, he was a member of the Japanese Delegation. He 
has made great contributions to the organization and development of the Program 
by his broad experience on basic and clinical medicine. He is still active as a 
scientist, especially in the fields of immunology, and also as a leader of Japanese 
science. 


Dr. Tohru Tokunaga 


Chairman 


Dr. Tokunaga has worked on the bacteriology of mycobacteria since his grad- 
uation from Kyushu University, first at the University and then the NIH, Tokyo. 
He discovered transfection of mycobacteriophage DNA, liposaccharide phage re- 
ceptor, and sexual conjugation of mycobacteria, etc. Then his interests turned to 
the host response against mycobacteria, especially the mode of antitumor action of 
BCC. As the Director of Department of Tubercuiosis of NIH and then of Department 
of Cellular Immunology, he has conducted research in the fields of microbiology 
and immunology: for example. differentiation and activation of macrophages, and 
host response to bacterial DNA 

On the Tuberculosis Panel, his wide experience from molecular genetics to atiimal 
experiments were useful for organizing and promoting tuberculosis research. Es- 
pecially young investigators in this field have been encouraged by Dr. Tokunaga’s 
leadership and friendship 
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GUIDELINES 


TUBERCULOSIS PANELS 
United States—Japan Cooperative 
Medical Science Program 


Tuberculosis research ts concerned primarily with projects 
relating to the pathogenesis and immunological aspects of the 
disease. Subjects of special interest are immunity and hyper- 
sensitivity, the analysis of cell substances of tubercle bacilli 
which might be related to immunity, and experimental models 
for the study of tuberculoimmunity: 


1. Biology of mycobacteria 
a. Fractionation and identification of biologically and im- 
munologically active constituents of tubercle bacilli 
b. Genetics and physiology 
c. Mechanisms of drug action and development of resis- 
tance 


2. Pathogenesis of tuberculosis and other 
mycobacterioses 
a. In man and experimental models 
b. Host-parasite relationship 
c. Environmental and nutritional factors 
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3. Immunology of tuberculosis 

a. Mechanisms of hypersensitivity, anergy, and acquired 
resistance 

b. Immunoglobulin response to infection and immuniza- 
tion 

c. Activation of nonspecific effector mechanisms of my- 
cobacterial and other products 

d. Adjuvant properties of mycobacterial and other products 


4. Immunoprophylaxis 
a. Live vaccines 
b. Killed vaccines 
c. Natural and synthesized mycobacterial fractions 


To facilitate these studies, special reagents are made avail- 
able only for research purposes to qualified investigators: ly- 
ophilized PPD tuberculin, characterized mycobacterial cultures 
of research interest, a culture filtrate reference antigen prep- 
aration and polyvalent reference antiserum with which inves- 
tigators are able to standardize laboratory produced material. 

















U.S. Tuberculosis Panel 


PROGRESS IN PRIORITY AREAS 


Tuberculosis research carried out under the aegis of the U.S. 
Tuberculosis Panel has continued largely along established lines 
but in addition, a major shift has also been seen over this time 
reflecting the influence of recent advances in molecular biology 
and genetics. New techniques have been adapted to studies of 
virulence and protective antigens associated with M. tuber- 
culosis and their role in the development of acquired resistance 
in the tuberculous host. Substantial advances have been made 
in three main areas; namely, the chemistry of the glycolipid 
antigens associated with the cell-wall, the nature of the cellular 
interactions involved in the protective immune response and 
the development of recombinant vaccines and monoclonal an- 
tibodies for immunizing, taxonomic, and diagnostic purposes. 
Much of the impetus for these studies stems from the emerging 
AIDS epidemic in this country, which is associated with dis- 
seminated tuberculous and nontuberculous disease, much of it 
untreatable by conventional chemotherapy. However, there has 
also been the realization that current measures being used for 
the control and eradication of tuberculosis worldwide simply 
are not doing the job and that new, innovative reagents and 
procedures are urgently required. This has led to increased 
support by the NIH in this area which should lead to further 
advances in the near future. 

A comparison of the major topics of interest in tuberculosis 
research only 5 years ago with those currently most active 
reveals several exciting trends with implications for future di- 
rections being taken by researchers over the next 5 years. The 
major thrusts now seem to in the areas of the molecular me- 
diators of immune activation, gene cloning, hybridoma for- 
mation, and recombinant vaccine production. However, there 
have also been substantial advances in our understanding of 
the chemistry of glycolipid and other polysaccharide antigens 
associated with cell-wall antigens useful in the taxonomy and 
serotyping of various non-tuberculous mycobacterial species. 
In addition, there have been important advances in our under- 
standing of the immunological role played by several protein 
antigens which seem to be related to the heat-shock proteins 
produced by a variety of organisms exposed to a variety of 
environmental stresses. These proteins are somehow involved 
in the induction of the immune response by the infected host. 
Some of these proteins (and their genes) bear a striking degree 
of homology with ‘‘heat-shock’’ proteins although the reason 
for their unexpected biological activity within the susceptible 
host remains unclear. Finally, there has been an increasing 
degree of sophistication in studies of the molecular mediators 
of the cellular immune response, involving various lympho- 
kines and monokines responsible for the activation and later, 
the modulation of the protective response. This increasingly 
molecular approach to tuberculosis research marks a trend which 
can be expected to accelerate during the next 5-year period. 


SIGNIFICANT ACCOMPLISHMENTS 


The major thrust of this program has concentrated on reach- 
ing a better understanding of the pathogenesis of all forms of 
mycobacterial disease (excluding leprosy), as well as deter- 
mining the means by which the host defenses prevent (or at 
least limit) the further development of progressive disease. 
Many of these studies have involved the cellular mediators of 
the immune response, especially those entering the infected 
lungs of vaccinated vs. the normal host. In addition, the role 
played by various lymphokines (especially MIF and IFN) dur- 
ing macrophage activation within the developing tubercle has 
been examined in some detail. Such studies have established 
the fact that immunologically activated macrophages are ca- 
pable of preventing the further growth and spread of virulent 
tubercle bacilli in vivo and thus protecting the host against the 
lethal effects of the tuberculous challenge. These same cells 
seem to be also involved in the tuberculin skin test and in the 
expression of the non-specific antitumor response induced by 
BCG vaccine. The therapeutic value of BCG cell-walls, tre- 
halose dimycolate (cord factor) and a variety of its analogues 
has been tested for their potential in the treatment and preven- 
tion of pulmonary tuberculosis as well as anti-tumor agents. 
Extensive chemical studies of the structure and synthesis of 
these unique and highly active compounds have been carried 
out, together with studies of a number of sulfatides which 
appear to be involved in the survival of some virulent strains 
of tuberc'e bacilli within the phagolyosome of the activated 
macrophage. Finally, there have been extended studies into 
the isolation, chemistry, and biological activity of various tub- 
erculopeptides in an attempt to determine the “‘specific’’ ep- 
itope associated with the tuberculin molecule which might identify 
those individuals who are actively infected with M. iubercu- 
losis compared to those vaccinated with BCG or colonized 
with the opportunistic atypical mycobacteria. Paradoxically, 
the use of increasingly sophisticated electrophoretic and chro- 
matographic techniques to purify the tuberculin merely served 
to increase the heterogenicity of the product and despite con- 
tinued attempts to define the specific allergenic moiety, tub- 
erculin continues to cross-react with the corresponding products 
isolated from various non-tuberculous mycobacteria. The dream 
of developing a synthetic specific tuberculin capable of iden- 
tifying patients with active tuberculous disease remains as elu- 
sive as ever. 

The adaptation of gene cloning and cell hybridization tech- 
niques to tuberculosis research has resulted in a number of 
dramatic advances in the past 5 years. Initially, the develop- 
ment of monoclonal antibodies against specific mycobacterial 
antigens was exploited for their obvious taxonomic potential 
as well as being useful epidemiological tools. They also pro- 
vided the means for isolating these protein antigens produced 
in large amounts by recombinat cells in vitro. At the same 











time, specific T-cell clones were developed giving an increas- 
ing insight into the reactive epitopes associated with specific 
immunogens produced in vivo by this pathogen. Identification 
of the genetic libraries responsible for the production of these 
specific immunogenic proteins which were then cloned into E. 
coli K12 proven to be surprisingly simple, providing a ready 
source of pure protein antigen for further laboratory testing. 
However, transferring these genes into other mycobacterial 
species such as BCG or M. smegmaiis has proven to be some- 
what more of a technical challenge only recently solved by 
means of a newly developed *‘phasmid"’ vector and electro- 
poration. Development of fully protective recombinant vaccine 
for human use may be still some time away, however, since 
there 1s abundant evidence that avirulent E. coli or M. smeg- 
mat:s recombinants are unlikely to induce a cellular immunity 
unless suspended in a Freund-type adjuvant which is too toxic 
for human use 


MAJOR ACHIEVEMENTS 


a. Development of quantitative assays for measuring the 
growth of tubercle bacilli in vaccinated vs. normal mice and 
guinea pigs using a biologically relevant aerogenic challenge. 

b Demonstration of the role of T cells in DTH vs. CMI 
responses within the anergic infected host. Identification of the 
mediators of macrophage activation by antigenically stimulated 
T cell subsets. 

c. Development and refinement of a serotyping system for 
non-tuberculous mycobacteria and the establishment of a Type 
Culture Collection with carefully documented, standard strains 
of mycobacteria of pathogenic importance. 

d. Isolation and identification of various mycobacterial 
glycolipid and protein antigens of importance in taxonomy and 
pathogenesis studies. 

e. Development of monoclonal antibodies specific for var- 
ious mycobacterial antigens. 

f. Identification of the gene (or genes) responsible for var- 
ious mycobacterial “‘virulence”’ and ‘‘protective’’ antigens and/ 


or immunogen: and the development of recombinant vaccines 
for possible human use. 


FUTURE GOALS 


Pulmonary tuberculosis still ranks as one of the major in- 
fectious diseases in the world today. The World Health Or- 
ganization estimates that as many as three million victims die 
from this disease annually. With the currently available tech- 
nology for immunization (Bacillus Calmette-Guerin vaccine), 
realistic prospects of eradicating tuberculosis worldwide are 
meager. Indeed, the dismal failure of the recent BCG vacci- 
nation field trial sponsored by WHO in the Chingleput region 
of South India, has brought a number of calls for a reappraisal 
of the whole immunization program. Subsequently, a new, 
ambitious and highly sophisticated research program into the 
immunology of tuberculosis has recently been launched. This 
reaffirms the original commitment of the U.S.-Japan Coop- 
erative Medical Sciences Program set up to clarify such prob- 
lems and which complements other current approaches relevant 
to elucidating the pathogenesis of this important, life-threat- 
ening human disease. Throughout the tenure of the U.S.-Japan 
Tuberculosis Program, attempts to understand and manipulate 
the two phenomena, immunology and pathogenesis, have re- 
mained major research objectives. With the emergence of the 
AIDS epidemic in the United States and now in Japan this 
work becomes even more important and insistent. The occur- 
rence of life-threatening systemic M. avium-complex infections 
in a substantial proportion of the AIDS population makes stud- 
ies of immunotherapy in the immunodepleted host a prime 
research objective. In addition, the high degree of drug-resis- 
tance expressed by these opportunistic organisms against most 
first-line anti-tuberculous drugs gives impetus to basic studies 
of the underlying resistance mechanisms within these organ- 
isms, as well as for the development of new drugs and treatment 
regimens which can provide more effective treatments for these 
unfortunate patients. 


PROJECTS SUPPORTED BY THE PROGRAM 


Investigator and Institution 


Title 


GRANTS 


Peter F. Barnes 
University of Southern California 


Willem H. Boom 
Case Western Reserve University 


Willem H. Boom 
Brigham and Women’s Hospital 


Patrick J. Brennan 
Colorado State University 


Anthony M. Coates 
University of London 
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Immunologic Significance of cell Walls in Tuberculosis 


CD4+ T-Cells Heterogeneity in M. tuberculosis Infection 


Protective Antigens of Mycobacterium tuberculosis 


Defined Native Antigens and Immunity to Tuberculosis 


Improved Vaccinia Recombinants for Tuberculosis Vaccine 














Frank M. Collins 
Trudeau Institute. Inc. 


Jack T. Crawford 
University of Arkansas Med Scis 


Thomas Daniel 
Case Western Reserve University 


Thomas Daniel 
Case Western Reserve University 


Jerrold J. Eliner 
Case Western Reserve University 


Jerrold J. Eliner 
Case Western Reserve University 


Mayer B. Goren 
National Jewish Ctr for Immunology/Res 


Marcus A. Horwitz 
University of California Los Angeles 


Robert N. Husson 


Whitehead Institution for Biomedical Research 


William R. Jacobs 
Yeshiva University 


Richard A. Lerner 
Scripps Clinic and Research Foundation 


David N. McMurray 
Texas Agri and Mech Univ College 


Quentin N. Myrvik 
Wake Forest University 


Ramchandra G. Navalkar 
Morehouse School of Medicine 


Thomas M. Shinnick 
Scripps Clinic and Research Foundation 


Donald W. Smith 
University of Wisconsin Madison 


Robert S$. Wallis 
Case Western Reserve University 


Donald L. Wise 
Northeastern University 


Sanders J. Sevall 
Specialty Laboratories, Inc. 


Protective Epitopes of BCG Protective Sensitins 


M. tuberculosis Genome Structure and Repeated Sequences 


Prevention/Diagnosis of TB in HIV-Infected Patients 


Specific Mycobacterial Antigens 


Immunosuppression in Mycobacterial Diseases 


Protective/Diagnostic Recombinant Mycobacterial Antigens 


Surface Chemistry of Mycobacteria 


Complement and Opportunistic Mycobacteria in AIDS 


Genes and Antigens of M. tuberculosis Relative to Immunity 


Diagnosis of Tuberculosis by Recombinant Shuttle Plasmid 


Reactivity of Molecularly Defined Mycobacterial Antigens 


Protein and Zinc Deficiency and Vaccine Efficacy 


Interaction of Alveolar Macrophages with Mycobacteria 


Reactivity of Molecularly Defined Mycobacterial Antigens 


Reactivity of Molecularly Defined Mycobacterial Antigens 


Virulence of M. tuberculosis Pathogenetic Significance 


Hybridoma Selection—Recombinant Mycobacterial Antigens 


Tuberculosis Chemotherapy with Biodegradable Polymers 


CONTRACTS 


Diagnosis of Mycobacterial Diseases by Polymerase Chain 
Reaction 
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Japanese Tuberculosis Panel 


BROAD GOALS 


The guadelines for the Tuberculosss Panels were last rev sod 
m 1978. Research activites of the Panc!l were concerned pr- 
maniy with propects related to pathogeness and mmmunclogaal 
aspects of tuberculosis. A specific isting of the current goals 
of the Program 1s found at the beginning of thes secton 


PROGRESS IN PRIORITY AREAS 
Biolcgy of mycobacteria 


Fine structure of mycobacteria. Ultrafine structures of my- 
cobactena were analyzed with scanning clectron microscopy 
and energy dispersive X-ray analyzer (EDA) Chromosomes 
were prepared from spheroplasts of vanows species of myco- 
bactena and observed under clectron microscopy Electron- 
dense granules of mycobactena were analyzed with EDA and 
shown to conta hugh concentrabans of phosphorus and smaller 
amounts of potassium 

lsomazid-resustance. Tubercle bacilh rendered resistant to 
romarid lose thew catalase and peroudase activities as well 
as virulence. Heme synthetic activity of such strains do not 
significantly differ from tomazid-susceptible strams. the re- 
sistamt strain could not synthesize apo catalase Gene coding 
apo-catalase may be relevant with respect to resistance or ver- 
ulence 


Mycobacterial lipids 


Alpha-mycolc acids were rolated from rapidly and slow ly 
growing mycobactena and analy zed with gas-chromatography 
mass-spectrometry (GC MS) Each mycobactenal species showed 
characteristic profiles of alpha-mycolic acid molecular species 
Mycobactena could be classified into § groups. according to 
total numbers of carbon. unsaturated bonds. and length of 
branched chains. Among glycolipids of mycobacteria. those 
with ghucose- or trehalose showed strong granuloma-forming 
activities, especially when given m a form of lyposome 

New glycolipids, trehalose-2.3.6° -tnmycolate and highly 
acylated trehalose were molated and charactenzed 


Antigenic proteins of mycobacteria 


During the last S years. gene technological procedures were 
widely applied to rolate and charactenze antigen proteins of 
tubercle baci 

Genes to encode immunogen protems of Myc ohactermem 
bovis, BOG, such as MPB 57. MPB 64. MPB 70 and a antigen. 
were cloned and thew nucleotide sequence was charactenzed 
The gene to encode 15 kDa proteim of Mycobacteriam tuber 
culosis, Aoyama B was also cloned and sequenced These 
mycobactenal genes were cupressed in Escherichia col: 





Uxte- and Reuadoca- peta. whch wer coported » the 
active center of tuberculen active protem. were Chemucally syn 
thesized These syatheta poptades did ot show shun reactrs ity 

In order to advance gene technology for mrycobactena. shut 
the vector, winch functhoms as a plawned m Eachernt 
and as a bactenophage m orycebectena. was developed In 
traduchon of the shuttle vector into mvcehactenal cell was 
faciitated Dy clectroporation 

Monclonal antibodies specif for Mic otea terme tebercou 
losas complies and also those what Could differentiazie Netwcen 
Vvcohacteruem avium amd Uy. obec termem intra: cllulare were 
prepared by hybridoma techniques 

These studies may be milestones for the development of 
species-specific shun-reactive antigens uscful for diagnos and 
also tor development of better protective vaccemes than BCG 


Studies on ribosomes of mycobacteria 


The number of rRNA genes om varwus speces of genus 
Vvcebactermm was analy zed in relation to the speed of growth 
of respective species. Slowly growimg species. such as M) 
cobactermm boves BCG and Mucebactermem lepracmurmm 
showed just one rRNA gene Complete nuclcotue scguence 
of the 16S rRNA gene of Mecohecteraen bows BCG was 
clarified. The primary structures of SS nbosomal RNA of var- 
rows species of Mycohactermem were compared om order to hetter 
clanfy evolutionary shifts 


Granuloma formation in tuberculosis 


T cell lime reactive to tuberculin-active peptide (TAP) was 
established from the lymphnode of pu + mice rmmunied with 
Mycobacterium tuberculosis This T cell lene produced hepatic 
and splenx granuloma by systemn adoptive transfer to nu nu 
mice infected with BOG The same T cell induced the delayed 
type footpad response by local passive tramsfer Surface phen 
otype of the ant TAP T cell was Thy |. 2°. Let 12°. LTS 
and Lyt 2 

Granulomas were produced by intravenous mmyection of my 
cobactenal ghycoliypds comtaming glucose of trehalose in thew 
morcty. especially when admunistered im a form of hposome 


T celts in immunity in tuberculosis 


Vanous T cell clones were shown to be relevant to vanous 
aspects of mmmunity im tuberculosws A clone. reactive to tub- 
erculn-active peptide ( [ AP). showed surface phenotype of Thy 
12°. Let L2°. L3T4” and Lyt 2. ht conferred granuloma 
forming atulity to nude mace infected with BOG Another T 
cell clone was specific to PPD. and developed delaved-type 
hypersensitive reaction when myected into footpad wath PPD 
Intracellular multiphcation of BCG was suppressed within syn 

















geneic macrophages when this T cell clone was added to an 
in vitro culture sysiem This cloned T cell was effective in 
preventing an in vivo local infection as well 

A human T cell clone. specifically reactive to PPD. was 
established from peripheral blood mononuclear cells of a tub- 
erculin-positive healthy adult. This cloned T cell was designed 
OKT3*. 4°, 8, la” . so it belonged to helper/inducer T cell 
lineage, and produced MIF in the presence of PPD and antigen- 
presenting cells 

T cells mediating delayed hypersensitive reaction and/or ac- 
quired cellular resistance to Listeria monocytogenes could be 
induced in vitro. When normal spleen cells were cultured in 
the presence of live Listeria, these cells conferred DTH and 
acquired cellular resistance. Spleen cells cultured with killed 
Listeria mediated only DTH, but did not confer acquired cel 
lular resistance 

Ihese studies may be very helpful in understanding the re- 
lationship between delayed-type hypersensitivity and protec- 
tion immunity in tuberculosis. They may shed light on 
development of a new protective vaccine that does not induce 
DTH 


Suppression of delayed-type hypersensitivity 


* 


There are two types of inbred strains of mice with respect 
to responsiveness to PPD after BCG sensitization, namely, high 
and low responders. The underlying mechanism of low re- 
sponsiveness appeared due to the induction of suppressor T 
cells. Macrophage clones were established in order to clarify 
the role of the macrophage in induction of suppressor T cells 
An I-A positive/I-J positive clone functioned as an antigen- 
presenting cell in the in vitro induction of suppressor T cells 
Another la negative clone did not induce the suppressor T cells 
Treatment of the former clone with anti-I-J* antiserum abol- 
ished the ability to induce the suppressor T cells. It appears 
that the precursor of the suppressor T cell recognized antigen- 
determinants of BCG presented on the I-A/I-J positive antigen 
presenting cell in association with the I-J antigen. It then dif- 
ferentiated into suppressor cells 

Native resistance against infection with Mycobacterium in 
tacellulare in mice was determined genetically. In the case of 
susceptible strains of mice, the infection progressed gradually 
until the death of animals. But DTH to PPD2Dintra remained 
negative or very weak throughout the course of the infection 
During the early phase of Mycobacterium intracellulare-intec- 
tion, a suppressor T cell suppressed the induction of DTH. At 
a later phase of the infection another type of suppressor T cell 
that suppressed both induction and expression of DTH was 
induced. Both types of suppressor T cell were Thy-! positive 
and Lyt 2 negative. The former was I-J negative. and the latter 
was I-J positive 

Suppressor T cells were not the only cells which showed 
suppressive effects. Circulating monocytes taken from patients 
with extensive pulmonary tuberculosis suppressed PPD-in 
duced lymphocyte blastogenesis. In such patients, the produc 
tion of IL-2 and surface expression of the IL-2 receptor by | 
cells was depressed. Such immunosuppression ts linked to ex- 
aggerated production of IL-1 by macrophages 





Deoxyribonucleic acid fiber released from a spheroplast of Myco- 
bacterium smegmatis. A double-stranded DNA fiber spreads con- 
tinuously around a collapsed bacterial ceil. (x 30,000) 


Adjuvant properties of mycobacterial and other 
products 


Various analogues and/or derivatives of muramyl-dipeptide 
(MDP) and cord-factor were chemically synthesized. Their 
adjuvant and anti-tumor activities were compared. Some showed 
potent adjuvant activities and/or anti-tumor activities 


Lymphokines 


IL-5, a new lymphokine, was first demonstrated in culture 
supernatant of Mycobacterium tuberculosis-primed T cells de- 
rived from spleens of mice stimulated with PPD. IL-5 acts on 
activated B cells as a B cell growth and differentiation factor 
Further, IL-6 was identified as a lymphokine that ts involved 
in the final differentiation of activated B cells into antibody- 
forming cells. It also induced the differentiation of myeloid 
leukemia cells into mature macrophage-like cells 

These lymphokines were purified and were prepared by re- 
combinant DNA technology 
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SIGNIFICANT ACCOMPLISHMENTS 


Immunogenetics of Tuberculin Skin Reaction 


The tuberculin reaction is a typical delayed-type hypersen- 
Sitive reaction, and has been widely applied clinically and 
epidemiologically to detect the infection by mycobacteria, in- 
cluding human tubercle bacilli. The degree of tuberculin skin 
reaction is influenced by the strength of the infection and by 
various other factors but is fundamentally under the genetic 
control. Immunogenetic studies on tuberculin responsiveness 
have progressed remarkably during these 25 years. 

Various inbred strains of mice can be classified into two 
categories according to the responsiveness to tuberculin, PPD, 
after sensitization with Mycobacterium bovis, BCG. These 
inbred-strain mice such as SWM/Ms, SJU/j, SJA/9 and ICR 
are high responders, and C3H/He, CBA, DBA/2, BALB/C, 
and A/SW are low responders. Analyses of tuberculin respon- 
siveness of F,, F, and back-cross hybrids between high-re- 
sponder SWM/Ms and low-responder C3H/He suggested that 
the responsiveness is controlled by an allele in which high 
responsiveness is dominant over low responsiveness and that 
this gene links to neither H-2, coat color, nor Igh allotype. 

The mechanism of low responsiveness to PPD also has been 
clarified. Two weeks after subcutaneous injection of live BCG, 
C3H/He mice showed very weak (0.35 + 0.1 1mm) footpad 
reactions to 10 ug of PPD, in comparison to strong positive 
reactions (0.99 + 0.21mm) of SWM/Ms. Such low respon- 
siveness of C3H/He mice recovered to the same level of re- 
sponsiveness as SWM/Ms by pretreatment of C3H/He mice 
with cyclophosphamide before BCG sensitization. When spleen 
cells obtained from cyclophosphamide-untreated C3H/He mice 
were passively transferred into cyclophosphamide-treated 
C3H/He mice, recipient mice showed very weak tuberculin 
footpad reactions. This suppressive effect of transferred cells 
was abolished by in vitro treatment of the cells with anti- 
Thy! |, anti-Lyt |, or anti-Lyt 2 monoclonal antibody plus 
complement but was not influenced by the treatment with anti- 
1-J* antibody plus complement. These results strongly sug- 
gested the existence of suppressor cells of T cell nature in low 
responders. Such suppressor T cells could be induced in vitro 
by incubating spleen cells obtained from nonsensitized C3H/ 
He mice in the presence of PPD. For the induction of the 
suppressor T cells in vitro, macrophages that coincided with 
T cells in respect to I-J* was essential. 

An important unsolved problem is the relationship between 
the gene which controls responsiveness to tuberculin and the 
gene(s) which may control the ability to acquire protection- 
immunity against infection with virulent Mycobacterium tu- 
berculosis. \t has been already shown that natural resistance 
of mice against mycobacterial infection is controlled by a single 
gene, designated as Bcg and localized on chromosome |. The 
gene which controls responsiveness to tuberculin is clearly 
distinct from Bcg gene. Data now available suggested that the 
responsiveness to tuberculin might correlate with the ability to 
acquire the protective immunity. Studies on this problem may 
give a clue to elucidate a correlation between tuberculin allergy 
and protective immunity in tuberculosis, and also lead to de- 
velopment of a new protective vaccine without giving tuber- 
culin positivity. 
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Adjuvant Activity of Tubercle Bacilli and BRM 


It is well-known that tubercle bacilli are potent immunolog- 
ical adjuvants. Cell-wall fraction of tubercle bacilli is as active 
as whole cells. During these 25 years, studies on the active 
principle for adjuvant activity of tubercle bacilli have pro- 
gressed remarkably, and finally the minimal ~‘ructural require- 
ment for adjuvant activity has been established. 

The cell wall of tubercle bacilli is composed of lipopoly- 
saccharide moiety and mucopeptide moiety. Adjuvant activity 
is exclusively depended on the latter part of the mycobacterial 
cell wall. 

By degradation studies and synthesis of plausible candidates, 
the N-acetylmuramyl-L-alanyl-D-isoglutamine portion of mu- 
copeptide has been shown to be the adjuvant-active principle 
of tubercle bacilli. 

N-acetylmuramy!-L-alanyl-D-isoglutamine (MDP) shows 
various types of immunoadjuvant activities. Biological activ- 
ities of MDP include enhancement of antibody production, 
induction of delayed-type hypersensitivity, induction of helper 
T cells and activation of macrophages. 

Various analogues and derivatives of MDP have been syn- 
thesized, and their biological activities compared with MDP. 
Some of the derivatives, such as 6-0-mycoloyl-MDP and qui- 
nonyl-MDP-66, show antitumor activity in addition to the ad- 
juvants activities of MDP. 

These studies, starting from the study on adjuvant activity 
of tubercle bacilli, have led to the modern concept of **bio- 
logical response modifier (BRM) and some BRMs have a 
possibility to be used as immunostimulants and in the immu- 


notherapeutics of cancer. 


FUTURE GOALS 


* To characterize the pathogenicity or virulence factor of 
tubercle bacilli. 

* To obtain species-specific antigen for skin-tests which 
will differentiate Mycobacterium tuberculosis from other 
mycobacteria. To develop sensitive and specific diagnos- 
tic methods using serological tests or DNA-hybridization. 

* To clarify the mode of action of and the mechanism of 
resistance to anti-tuberculosis drugs. 

* To clarify the mechanism of macrophage activation. 

* To analyze the dynamics and roles of respective subsets 
of T cells in protective immunity and delayed-type hy- 
persensitivity reactions in tuberculosis. 

* To clarify the immunogenetic factors which determine 
the native and acquired resistance to mycobacterial in- 
fection. 

* To develop new improved protective vaccines other than 
BCG. 

* To obtain large quantities of specific antigen(s) by gene 
technology. 

* To obtain clinically applicable adjuvant substance or bi- 
ological response modifiers. 

















BIBLIOGRAPHY 


Akagawa, K. S., Kamoshita, K., Tokunaga, T. Effects of gran- 
ulocyte-macrophage colony-stimulating factor and colony-stim- 
ulating factor-1 on the proliferation and differentiation of murine 
alveolar macrophages. J. /mmunol. 14]: 3383-3390, 1988. 


Akagawa, K.S.. and Tokunaga, T. Lack of binding of bacterial 
lipopolysaccharide to mouse lung macrophages and restoration 
of binding by gamma interferon. J. Exp. Med. 162: 1444-1459. 
1985. 


Dams, E.. Yamada, T., de Baere, R., et al. Structure of 5S 
rRNA in actinomycetes and relatives and evolution of eubacteria. 
J. Mol. Evol. 25: 255-260, 1987. 


Emori K.. Nagao S., Shigematsu N., et al. Granuloma formation 
by muramy! dipeptide associated with branched fatty acids, a 
structure probably essential for tubercle formation by Mycobac- 
terium tuberculosis. Infect. lmmun. 49: 244-249, 1985. 


Endo, Y.. Matsushima, K., Onozaki, K.. et al. Role of ornithine 
decarboxylase in the regulation of cell growth by IL-1 and tumor 
necrosis factor. J. Immunol. 141: 2342-2348, 1988 


Fujiki T. Induction of host resistance by Klebsiella pneumoniae 
glycoprotein, RU 41,740. Fukuoka Acta Med 77: 465-479, 1986. 


Fukushi, K.. Sasaki, J.. and Ogushi, Y. Fine structure of my- 
cobacteria. Electronmicroscopy 20: 11-16, 1985 (in Japanese). 


Fukutomi, Y., Hashimoto, T., and Iwata, M. Formation of IgM- 
binding factors by murine thymocytes. Cellular Immunol. 105: 
1-12, 1987. 


Harada, T.. Baba, M., Torii, 1., et al. Ferritin selectively sup- 
presses delayed-type hypersensitivity responses at induction or 
effector phase. Cellular Immunol. 109: 75-88, 1987. 


Harada, N., Matsumoto, M., Koyama, N., et al. T cell replacing 
factor/interleukin 5 induces not only B-cell growth and differ- 
entiation, but also increased expression of interleukin 2 receptor 
on activated B-cells. /mmunol. Letters 15: 205-215, 1987. 


Haraguchi, T., Nagao, S., Tanaka, A., et al. Preferential loss 
of DNA polymerase following suppression of replicative DNA 
synthesis of guinea pig macrophages by the immunostimulants 
muramy! dipeptide or lipopolysaccharide. J. Leukocyte Biol. 41: 
170-176, 1987. 


Harboe, M., Nagai, S., Patarroyo, M.E., et al: Properties of 
proteins MPB 64, MPB 70, and MPB 80 of Mycobacterium 
bovis BCG. Infect. Immun. 52: 293-302, 1986. 


Homma, Y.. Hashimoto, T., Nagai Y. et al. Evidence for dif- 
ferential activation of arachidonic acid metabolism in formyl- 
peptide- and macrophage-activation-factor-stimulated guinea pig 
macrophages. Biochem. J. 229: 643-651, 1985. 


Imai, K., Suzuki, Y., Harada, T., et al. Production of macro- 
phage activating factor by human leukemia T cell lines. Micro- 
bial Immunol 29: 769-781, 1985. 


Ishihara, C.. Hamada, N.. Yamamoto, K.. et al. Effect of mur- 
amy! dipeptide and its stearoyl derivatives on resistance to Sendai 
virus infection in mice. Vaccine 3: 370-374, 1985. 


Kamiya, S. Antitumor effect of synthetic cord factor analogues 
combines with endotoxin from Salmonella minnesota. Hirosaki 
Igaku 38: 712-719, 1986 (in Japanese). 


Kataoka, T.. Tokunaga, T. A synthetic adjuvant effective in 
inducing antitumor immunity. Jpn. J. Cancer Res. 79: 817- 
820, 1988. 


Kataoka, N., Toida |., Yano I., et al. Isolation and character- 
ization of new glycolipids from Mycobacterium tuberculosis 
H37Rv. Osaka City Med. J. 32: 1-15, 1986. 


Kato, K., Yamamoto, K., Kimura T. Migration of natural sup- 
pressor cells from bone marrow to peritoneal cavity by live BCG. 
J. Immunol. 135: 3661-3668, 1985. 


Kato, K., Hamada, N., Mizukoshi, N., et al. Depression of 
delayed-type hypersensitivity in mice with hypothalamic lesion 
induced by monosodium glutamate: involvement of neuroen- 
docrine system in immunomodulation. /mmunology 58: 389- 
395, 1986. 


Kato, T., Yamamoto, K., Shibata, M., et al. IgG antibody level 
to mycobacterial glycoprotein in pulmonary tuberculosis by 
ELISA. Eur. J. Respir. Dis. 71: 37-41, 1987. 


Kikuchi, Y., Kato, R., Sano, Y., et al. Generation of cytotoxic 
T lymphocytes from thymocyte precursors to trinitropheny!l- 
modified self antigens. II. Establishment of a T cell hybrid clone 
constitutively producing killer-helper factor(s) (KHF) and func- 
tional analysis of released KHF. J. /mmunol. 1/36: 3553-3560, 
1986. 


Kimura, T., Sasaki, A., Kato K., et al. Parallelism between 
superoxide production of peritoneal exudate cells and lung gran- 
ulomatous response in mice vaccinated with BCG cell walls. 
Immunobiol. 172: 12-22, 1986. 


Koga, T., Mitsuyama, M., Handa, T. et al. Induction by killed 
Listeria monocytogenes of effector T cells mediating delayed- 
type hypersensitivity but not protection in mice. /mmunology 
62: 241-248, 1987. 


Kurano, S., Sugimoto, N., Sumi, Y., et al. Newly isolated 
glycolipids from Rhodococcus terrae cell wall and their gran- 
uloma forming activities. Yakugaku Zasshi 107; 46-52, 1987 
(in Japanese). 


Kutsukake, H., Imai, K., Harada, T., et al. Characterization 
and partial purification of a noninterferon macrophage activating 
factor produced by human leukemic T cell line. J. Biochem. 
103: 661-666, 1988. 


Matso, K.. Yamaguchi, R.. Yamazaki, A.. et al. Cloning and 
expression of the Mycobacterium bovis BCG gene tor extracel- 
lular antigen. J. Bacteriol. 170: 3847-3854, 1988. 


283 











Matsumoto, R., Matsumoto, M., Mita, S., et al. Interleukin-5 
induces maturation but not class switching of surface IgA-pos- 
itive B cells into IgA-secreting cells. Immunology 66: 32-38, 
1989. 


Mitsuyama, M., Handa, T., Koga, T., et al. /n vitro primary 
induction of T cell mediating delayed footpad reaction and ac- 
quired cellular resistance to Listeria monocytogenes. Immuno- 
biol. 177: 254-266, 1988. 


Miyaura, C., Onozaki, K., Akiyama, Y., et al. Recombinant 
human interleukin 6 (B-cell stimulatory factor 2) is a potent 
inducer of differentiation of mouse myeloid leukemia cells (M1). 
FEBS Letters 234: 17-21, 1988. 


Mizuguchi, Y., Ogawa, M., and Udou, T. Morphological changes 
induced by beta-lactam antibiotics in Mycobacterium avium- 
intracellulare complex. Antimicrobial Agents Chemother. 27: 
541-547, 1985. 


Nagao, S., and Tanaka, A. Necrotic inflammatory reaction in- 
duced by muramyl dipeptid in guinea pigs sensitized by tubercle 
bacilli. J. Exp. Med. 162: 401-412, 1985. 


Nagao, S., Takada, H., Yagawa, K., et al. Structural require- 
ments of muramylpeptides for induction of necrosis at sites primed 
with Mycobacterium tuberculosis in guinea pig. Infect. Immun. 
55: 1279-1288, 1987. 


Nakamura, R.M., Nakamura, Y., Nagayama, A. et al. I-J-pos- 
itive cloned macrophages as accessory cells for the induction of 
suppressor T cells in vitro. Immunol. Res. 5: 106-116, 1986. 


Nakamura, R.M., Goto, Y., Kitamura, K., et al. Two types of 
suppressor T cells that inhibit delayed-type hypersensitivity to 
Mycobacterium intracellulare in mice. Infect. Immun. 57: 779- 
784, 1989. 


Nakamura, Y., Nakamura, R.M., and Tokunaga, T. Cell-cell 
interaction responsible for the induction of first order suppressor 
T cells in hapten-specific contact sensitivity reactions. /mmunol. 
Res. S: 117-128, 1986. ‘ 


Nishijima, M., Amano, F., Akamatsu, Y., et al. Macrophage 
activation by monosaccharide precursors of Escherichia coli lipid 
A. Proc. Natl. Acad. Sci. USA 82: 282-286, 1985. 


Nishimura, K., Okumura, H., Saiki, I., et al. Activation of 
mouse peritoneal adherent cells with N-acyl muramy! dipeptide 
derivatives. /nfect. Immun. 47: 665-669, 1985. 


Numata F., Nishimura, K., Ishida, H., et al. Lethal and adjuvant 
activities of cord factor (trehalose-6, 6’dimycolate) and synthetic 
analogs in mice. Chem. Pharm. Bull. 33: 4544-4555, 1985. 


Numata, F., Ishida, K., Nishimura, K. et al. Synthesis of tre- 
halose monomycolate and related compounds, and their lethal 
toxicity and adjuvant activity. J. Carbohyd. Chem. 5: 127-138, 
1986. 


Okuno K., Kikuchi Y., Tsuchida T., et al. The role of I-region 
associated antigen (la)-bearing accessory cells in the generation 
of cytotoxic T cells in a subpopulation of thymocytes. Jpn. J. 
Cancer. Res. 77: 711-721, 1986. 


Onozaki, K., Tamatani, T., Hashimoto, T., et al. Growth in- 
hibition and augmentation of mouse myeloid leukemic cell jine 
differentiation by interleukin |. Cancer Res. 47: 2397-2402, 
1987. 


Onozaki, K., and Hashimoto, T. Different mechanisms of mac- 
rophage activation with guinea pig macrophage activation factor, 
lipopolysaccharide and muramy] dipeptide. Intern. Arch. Allergy 
and Appl. Immunol. 76: 296-301, 1985. 


Onozaki, K., Urawa, H., Tamatani, T., et al. Synergistic in- 
teractions of interleukin |, interferon-beta, and tumor necrosis 
factor in terminally differentiating a mouse myeloid leukemia 
cell line (M 1). Evidence that interferon-beta is an autocrine 
differentiating factor. J. Immunol. 140: 112-119, 1988. 


Sano, Y., Harada, N., and Takatsu, K. Three functionally dis- 
tinct helper T-cell clones: the roles for antigen nonspecific helper 
factors in B-cell activation through two different pathways. /m- 
munology 56: 585-596, 1985. 


Sasaki, J., Sawamura, D., Kamiya, S., et al. Distribution of 
BCG antigens among mouse-tumor cells. Cancer Chemother 13: 
1074-1076, 1986. 


Sasaki, J., and Sawamura, D. Antitumor activities of BCG. 
Cancer Chemother 12: 2129-2133, 1985 (in Japanese). 


Sasaki J., and Sawamura D. Antitumor activity of BCG—In- 
hibition and enhancement of tumor growth by anti-BCG rabbit 
serum. Cancer. Chemother. 12: 2129-2133, 1985. 


Sawai, H., Sumi, Y., Kurano, S., et al. Granuloma formation 
by the glycolipids containing mycolic acid in Nocardia, Rho- 
dococcus , and related actinomycetes and their structure analysis. 
Yakugaku Zasshi 107: 37-45, 1987 (in Japanese). 


Sawamura, D.: Analysis of antitumor action of Mycobacterium 
bovis BCG. Hirosaki Igaku 38: 751-759, 1986 (in Japanese). 


Sumi, J., Kurano, S., Kato Y_, et al. Strain differences in gran- 
uloma formation in mice in response to mycolic acid-containing 
glycolipids in some species of Nocardia and Rhodococcus. Jap. 
J. Bacteriol. 41: 797-804, 1986 (in Japanese). 


Suzuki, Y., and Yamada, T. Study on rRNA genes in Myco- 
bacterium smegmatis. Microbiol. Immunol. 32: 1259-1262, 1988. 


Suzuki, Y., Ono, Y., Nagata, A., et al. Molecular cloning and 
characterization of an rRNA operon in Streptomyces lividans TK 
21. J. Bacteriol. 170: 1631-1636, 1988. 

















Suzuki, Y., Nagata, A.. Ono, Y., et al. Complete nucleotide 
sequence of the 16 S rRNA gene of Mycobacterium bovis BCG. 
J. Bacteriol. 170. 2886-2889, 1988. 


Suzuki, Y., and Yamada, T. Analysis of genes for ribosomal 
RNA in Mycobacterium phiei. Kekkaku 63: 1-3, 1988. 


Suzuki, Y., Mori T., Miyata Y.. et al. The number of ribosomal 
RNA genes in Mycobacterium lepraemurium. FEMS Microbiol. 
Letters 44: 73-76, 1987. 


Suzuki, Y., and Yamada, T. The nucleotide sequence of 16S 
rRNA gene from Streptomyces lividans TK 21. Nucleic Acids 
Res. 16: 370-371, 1988. 


Suzuki, Y., and Yamada, T. Analysis of genes for ribosomal 
RNA in Mycobacterium phlei. Kekkaku 63: 1-3, 1988 (in Jap- 
anese). 


Suzuki, Y., Yoshinaga, K., Ono Y. et al. Organization of rRNA 
genes in Mycobacterium bovis BCG. J. Bacteriol. 169: 839- 
843, 1987. 


Takatsu, K., Kikuchi, Y., Kanatani, T., et al. Generation of 
cytotoxic T lymphocytes from thymocyte precursors to trinitro- 
phenyl-modified self antigens. 1. Requirement of both killer- 
helper factor(s) and interleukin 2 for CTL generation from a 
subpopulation of thymocytes. J. /mmunol. 136: 1161-1170 1986. 


Takatsu, K., Kikuchi, Y., Takahashi, T.. et al. Interleukin 5, 
a T-cell-derived B-cell differentiation factor also induces cyto- 
toxic T lymphocytes. Proc. Natl. Acad. Sci. USA 84: 4234- 
4238, 1987. 


Tamatani, T., Tsunoda, H., Iwasaki, H., et al. Existence of 
both IL-1 and beta in normal human amniotic fluid: unique high 
molecular weight form of IL-1! beta. /mmunology 65: 337-342, 
1988. 


Tamatani, T., Urawa, H., Hashimoto, T., et al. Tumor necrosis 
factor as an interleukin |-dependent differentiation inducing fac- 
tor (D-factor) for mouse myeloid leukemia cells. Biochem. Bio- 
phys. Res. Commun. 143: 390-397, 1987. 


Toida, S., Yamamoto, S., Takumam S.., et al. Lack of tuberculin 
activity of synthetic peptides. /nfect. /mmun. 50: 614-619, 1985. 


Toida, |. AIDS and mycobacterial infection (a review). Kekkaku 
64: 487-497, 1989 (in Japanese). 


Tominaga, A., Matsumoto, M., Harada, N., et al. Molecular 
properties and regulation of mRNA expression for murine T 
cell-replacing factor/IL-5. J. /mmunol. 140: 1175-1181, 1988. 


Tomiyasu, I., Yoshinaga, J., Kurano, F., et al. Occurrence of 
a novel glycolipid, ‘‘trehalose 2,3,6°-trimycolate’’ in a psy- 
chrophilic, acid-fast bacterium, Rhodococcus aurantiacus (Gor- 
dona aurantiaca). FEBS Letters 203: 239-242, 1986. 


Udou, T., Mizuguchi, Y., and Wallace, R. J. Jr. Does ami- 
noglycoside-acetyltransferase in rapidly growing mycobacteria 


have a metabolic function in addition to aminoglycoside inac- 
tivation? FEMS Microbiol. Letters 57: 227-230, 1989. 


Udou, T., Mizuguchi, Y.. and Yamada T. Biochemical mech- 
anisms of antibiotic resistance in a clinical isolate of Mycobac- 
terium fortuitum. Am. Rev. Respir. Dis. 133: 643-657, 1986. 


Udou, T., Mizuguchi, Y., and Wallace, R.J. Jr. Patterns and 
distribution of aminoglycoside-acetylating enzymes in rapidly 
growing mycobacteria. Am. Rev. Respir. Dis. 136: 338-343, 
1987. 


Ueda, E., Yamamura, Y., and Ogawa, Y. Formation of exper- 
imental lung granuloma and its relation to angiotensin converting 
enzyme. /rvo 40: 116-119, 1986 (in Japanese). 


Ueki, T. Immunotherapy of malignant tumor with bacterial en- 
dotoxin. Hirasaki Igaku 39: 234-251, 1987. 


Wiker, H.G., Harboe M., Nagai, S., et al. MPB 59, a widely 
cross-reacting protein of Mycobacterium bovis BCG. Int. Arch. 
Allergy Appl. Immun. 81: 307-31, 1986. 


Yagawa, K., Kaku, M., Ichinose, Y., et al. Down-regulation 
of Fe receptor expression in guinea pig peritoneal exudate mac- 

by muramy! dipeptide or lipopolysaccharide. J. /m- 
munol. 134: 3705-3711, 1985. 


Yamada, T. The role of ribosomes in the sensitivity of myco- 
bacteria to tuberactinomycin. Microbiol. Immunol. 31: 179- 
181, 1987. 


Yamada, T., Teshima, T., and Shiba, T. Binding of [(14)C} 
tuberactionomycin O to ribozomes from Mycobacterium smeg- 
matis. J. Antibiotics 38: 266-269, 1985. 


Yamada, T., Teshima, T., Shiba, T., et al. tRNA binding to 
programmed ribosomes increases the ribosomal affinity for tub- 
eractinomycin O. FEBS Letters 179: 37-40, 1985. 


Yamada, T., Nagata, A., Ono, Y. et al. Alteration of ribosomes 
and RNA polymerase in drug-resistant clinical isolates of My- 
cobacterium tuberculosis. Antimicrobial Agents. Chemother. 27: 
921-924, 1985. 


Yamada, T. The effect of viomycin on elongation steps in cell- 
free polypeptide synthesis. J. Antibiotics 4/7: 1277-1280, 1988. 


Yamaguchi, R., Matsuo, K., Yamazaki, A., et al. Cloning and 
characterization of the gene for immunogenic protein MPB 64 
of Mycobacterium bovis BCG. Infect. Immun. 57: 283-288, 
1989. 


Yamaguchi, R., Matsuo, K., Yamazaki, A., et al. Immunogenic 
protein MPB 57 from Mycobacterium bovis BCG: molecular 
cloning, nucleotide sequence, and expression. FEBS Letters 240: 
115-117, 1988. 


Yamamoto, S., Toida, I., Wada, M., et al. Serological diagnosis 
of pulmonary aspergiilosis by ELISA. Kekkaku 64: 15-24, 1989 


(in Japanese). 




















Yamamoto, S., Tabata, K.. and Toida, |. Determination of 
specific antibody value in patients with tuberculosis and atypical 
mycobacteriosis. Kekkaku 62: 549-557, 1987. 


Yamamoto, S., Iwai, H., and Ueda, K. Establishment of twu- 
berculous antigen-specific T cell line and its effect on hepatic 
granuloma formation in BCG-infected nude mice. Jpn. J. Vet. 
Sci. 50: 215-225, 1988. 


Yamamura, Y., Maeda, H., Ogawa, Y., et al. Experimental 
pulmonary cavity formation by mycobacterial components and 





synthetic adjuvants. Microbiol. Immunol. 30- 1175-1187, 1986 


Yano, |., Tomiyasu, |., Kaneda, K.. et al. tsolation of mycolic 
acid-containing glycolipids in Nocardia rubra and their granu- 
loma forming activity in mice. J. Pharmacobio-Dyn. 10: 113- 
123, 1987. 


Yokoi, F., Sugimoto, N., Kato, K., et al. Granuloma formation 
im muce by liposomes of new glycolipid containing mycolic acids, 
“trehalose 2,3.6°-trimycolate."" Yakugaku Zasshi 109: 46-51. 
1989. 














Joint Scientific Conference 


TUBERCULOSIS PANELS 


Date: August 14-16, 1985 


Place: NIH, Bethesda, Maryland 
Summary: The 20th Conference was held in Bethesda, Mary- 
land. at the National Institutes of Health. On August 14, a 
joint symposium on leprosy and tuberculosis was held, and on 
Auguat 19 and 16. papers by members and guests of the Tu- 
berculosis Panels were presented. The subject of the joint sym- 
posium was “Recent Advances in Immunology and the 
Immunology of Leprosy and Tuberculosis."" Nine represent- 
ative papers were presented by the panel members and guests. 
The Conference on Tuberculosis was organized into four sep- 
arate sessions including: the structure and function of cell-wall 
components, resistance and modulation in the immune re- 
the immunosuppressed host. A total of 27 papers were pre- 
sented. 


Date: September 24 and 25, 1986 
Place: International Hotel, Osaka, Japan 


Summary: The 2\ist Conference was held in Osaka, Japan, 
at the International Hotel. On September 26, a joint symposium 
on leprosy and tuberculosis was held, and on September 24 
and 25, papers by members and guests of the Tuberculosis 
Panels were presented. The subject of the joint symposium was 
“Molecular Biology of Mycobacteria."’ Seven representative 
papers were presented by the panel members and guests. The 
Conference on Tuberculosis was organized into four separate 
sessions including: anti-tuberculosis drugs and mycobacterial 

antigens; mycobacterial lipids and macrophages, T-cell clones 
or cede. erngpeer abe. sate tnere mp taper 
cell. A total of 21 papers were presented. 


Date: July 20 and 22, 1987 


Place: NIH, Bethesda, Maryland 


Summary: The 22d Conference was held in Bethesda, Mary- 
land, at the National Institutes of Health. On July 21, a joint 
symposium on leprosy and tuberculosis was held, and on July 


20 and 22, papers by members and guests of the Tubertulosis 
Panels were presented. The subject of the joist symposia was 


presented by the panel members and guests. The Conference 
on Tuberculosis was organized into four separate sessions ww- 
ering such subjects as: macrophages: species identification and 
cell-mediated immunity; antigens and gene expression; and 
adjuvants. A total of 22 papers were presented. 


Date: July 27 and 29, 1988 
Place: Nara University, Nara, Japan 


Summary: The 23d Conference was held in Nara, Japan, at 
the Nara University. On July 28, a joint symposium on leprosy 
and tuberculosis was held, and on July 27 and 29, papers by 
members and guests of the Tuberculosis Panels were presented. 
The subject of the joint symposium was ‘‘Stress Proteins and 
Antibody Responses to T-dependent Antigens." Seven rep- 
resentative papers were presented by the pane! members and 
guests. The Conference on Tuberculosis was organized into 
four separate sessions covering subjects such as: DNA probes 
to identify tuberculosis; immune mechanisms, the T cell re- 
sponse; and suppressor cell induction. A total of 21 papers 
were presented. 


Date: August 23 and 25, 1989 


Place: Town & Country Hotel, San Diego, California 
Summary: The 24th Conference was held in San Diego, Cal- 
ifornia, at the Town & Country Hotel. On August 24, a joint 
symposium on leprosy and tuberculosis was held, and on Au- 
gust 23 and 25, papers by members and guests of the Tuber- 
culosis Panels were presented. The subject of the joint symposium 
was “Specific Detection of Mycobacteria and Vaccine De- 
velopment.'" Nine representative papers were presented by the 
panel members and guests. The Conference on Tuberculosis 
was organized into four separate sessions covering subjects 
such as: immune response to stress proteins; PPD-reactive T 
cells; proliferation of macrophages, and cell wall of mycobac- 
teria. A total of 20 papers were presented. 
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Profiles 


Dr. Frederick A. Murphy 


Chairman (1987—Present) 


Dr. Murphy has been Director, Center for Infectious Diseases, CDC since July 
1987. He served as Director of the Division of Viral Diseases, CID. from 1984 
1987. Dr. Murphy was the Associate Dean and Professor of Microtiology. College 
of Veterinary Medicine and Biomedical Sciences. Colorado State University. from 
1978-1983. He served as Chicf, Viral Pathology Branch. CDC, 1964-1978. In 
1970, he was an honorary fellow at the John Curt School of Medical Research. 
Australian National University. He was Chairman, Program Committee. Fifth In- 
ternational Congress for Virology. 1981. and was Chairman of the Virology Dy- 
vision, International Union of Microtiological Societies from 1981-1984. He was 
one of the organizers of the American Society for Virology. He ts on the editorial 
board of nine journals. Dr. Murphy received the B.S. and D.V.M. degrees from 
Cornell University and a Ph.D. in immunology from the University of California 
He has served as Chairman of U.S. Viral Diseases Panel of the USJCMSP since 
1987 and has been a member of the Panel since 1986 


Dr. Thomas M. Yuill 
Chairman (1982-1987) 


Doctor Yuill was born in Berkeley, California in 1937, and grew up im rural 
Maryland. He received his B.S. degree from Utah State University in Wildlife 
Management, and his M.S. and Ph.D. degrees from the University of Wisconsin- 
Madison in Veterinary Science and Wildlife Ecology. with emphasis in the epi- 
zoouiology of infectious diseases of domestic and wild animals. After receiving his 
Ph.D... he held research positions in the Department of Virus Diseases, Walter Reed 
Army Institute of Research. and in the Virology Department of the SEATO Medical 
Research Laboratory, Bangkok, Thailand. He jomned the faculty of the University 
of Wisconsin-Madison as an assistant professor in 1968, with joint appomtments 
in the Departments of Veterinary Science and of Wildlife Ecology. developing 
research and graduate training programs in epizootiology of infectious diseases of 
wildlife and domestic animals in Wisconsin and Latin America. He became professor 
and chairman of the Department of Veterinary Science in 1979. He was appointed 
Associate Dean for Research and Graduate Training in the new University of 
Wisconsin School of Veterinary Medicine and an assistant director in the Agricul- 
tural Experiment Station in 1982. Although primarily involved in academic ad- 
ministration, Dr. Yuill has continued his research and graduate training activities 
with projects in the United States and in Central America. Doctor Yuill has been 
active in a variety of scientific organizations. He has been active in the Organization 











for Tropecal Studies (OTS) since 1971. He has been on OTS Exccutive Commutice 
and has also served as pressdent for 5 years. He has served as treasurer and presadent 
of the Wildlife Disease Associahon, which awarded him as Drstingurshed Service 
Award im 1989. He ts currently serving as an clected member of the Board of 
Directors of the Center for Tropical Agnculture Research and Teachiny (CATIE) 
located m Central America. with ts major base m Turnalba. Costa Rica. Doctor 
Yuull has served as a consultant on wildlife discases to the states of Wisconsin and 
North Dakota and the U.S. Environmental Protection Agency. on arthropoad-borne 
diseases to the U.S. National Institutes of Health. and on higher education m the 
agncultural scrences to the U.S. Agency for International Development. monly mn 
India. He has authored over 100 scientific papers and book chapters. Dr. Yuill was 
a member of the Viral Diseases Panel of the US—JCMSP from 1976 to 1987 and 
chaired the Panel from 1982 to 1987 


Dr. Edwin H. Lennette 


Chairman 


Dr. Lennette received his B.S.. M.D... and Ph.D. degrees from the University 
of Chicago where he remained as an instructor in microtiology until accepting an 
appointment at Washington University School of Medicine im St. Louis, Missours 
In 1939. he moved to the Rockefeller Institute where he worked on the newly 
discovered influenza virus. After working on yellow fever in Brazil. he returned 
to the U.S. to work on viral respiratory diseases im the Berkeley laboratory of the 
Califorma State Department of Public Health. There he developed the first civilian 
viral diagnostic laboratory im the U.S. Dr. Lennette established. and became director 
of. the Viral and Rickettsial Disease Laboratory of the Califormia Department of 
Health Services where he remained until his retirement in 1978 

Dr. Lennette has served the virology community well through his membership 
in numerous scientific and medical societies and as a consultant for many prestigious 
organizations in the United States and as an Expert Consultant on Viral and Rick 
ettsial Diseases for the World Health Organization. Currently. Dr. Lennette ts the 
President of the California Public Health Foundation in Berkeley. California 
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Dr. William F. Scherer 
Chairman (1978-1980) 


A past president of the Amencan Society of Tropical Medicine. Dr. Wilham F 
Scherer was noted for his research mm virology and was an authornty on arboviruscs 
He was born im Buffalo, New York. and received bis M_D. from the University of 
Rochester in 1947. After interning m internal medicine af Barnes Hospital. St. 
Louis, he returned to Rochester for a pathology imternsiup at Strong Memonal 
Hospital. then went to Vandertult University Hospmal as an assistant reudent m 
imternal medacine. His interest m viruses grew with hrs appomtment as an associatc 
professor at the University of Minnesota Medical School. and as National Research 
Council Fellow im virology. 

Dr. Scherer was only 27 years old when he published a scenes of papers on the 
propagation of polo viruses in vitro that established that this virus could be grown 
im extra-neural tissues. Techmigues that he developed contributed to reducing the 
complex phenomenon of animal-virus infection to a simpler im vitro system. For 
this and other valuable research, Dr. Scherer received the Theobald Smath Award 
of the American Association for the Advancement of Science m 1959. Dr. Scherer’s 
subsequent research focused on the encephalitis virus. much of which was carned 
out during his tenure at Cornell Medical School. 

Dr. Scherer was honored by appointment to a number of prestigious commuttees 
in the field of his expertise. He served on the Viral Diseases Pane! from 1974 to 
1980 and as its chairman from 1978-1980. Dr. Scherer died in 1982. 


Dr. Fred M. Davenport 
Chairman (1969-1973) 


A native of Pennsylvania, Dr. Fred M. Davenport completed 
studies at Columbia University in 1936, entering that same institution's College of 
Physicians and Surgeons and carning the M.D. degree in 1940. 

Dr. Davenport's training was interrupted by World War I] during which he served 
as a malariologist in the Army Medical Corps. In 1946, Dr. Davenport returned to 
Columbia University to continue work toward the Sc. Med. D. degree and to serve 
as Assistant Instructor in Pathology. In 1947, he was awarded a National Research 
Council Fellowship in Virus Diseases which enabled him to spend 2 years in 
additional postdoctoral traming at the Rockefeller Institute for Medical Research 
working under Dr. F. L. Horsfall on serological research with influenza viruses. 

Dr. Davenport joined the faculty of the School of Public Health in 1949 as a 


He remained in that institution. serving as Professor in the Departments of Epi- 
and Internal Medicine and Chairman of the Department of Epidermology 
from 1969 to 1976. 

Dr. Davenport's research on virus diseases and especially on the problem of the 
control and prevention of epidemic influenza has placed him at the forefront of 
authorities whose advice was sought at national and international levels. He was 
an Associate Member of the Armed Forces Epidemiologic Board and served as 
Director of its Commission on Influenza from 1955 to 1971. Between 1969 and 
1973, he served as Chairman of the Viral Diseases Panel. Dr Davenport was a 
member of the “blue ribbon panel” of experts who met at the White House in 
March, 1976, to advise former President Gerald R. Ford on the nationwide swine 
influenza immunization and consultant to organizations such as the Food and Drug 
Administration and the World Health Organization. 





JAPANESE VIRAL DISEASES PANEL 


Dr. Tasuke Konno 
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Akira Ova 
Chairman (1985-1989) 


Dr. Ova. director of the National Institute of Health m Tokyo. ms an outstanding 
leader not only within the Institute but also m the fickds of condermmology and 
preventive medicine im Japan. For a long time. hes work at the Department of 
Virology and Rickettsiology has focused on the natural lives of arboviruses and 
influenza viruses and on improvement of the vaccines for Japanese encephalitis and 
flu. In the studies for whech he «= best known, Dr. Ova established a nctwork 
system to preestimate the prevalence of Japanese encephalites during the summer 
each year by assaying the porcene IgM-igG antibody mse m epidemic areas. Such 
surveillance work together with a highly punfied vaccine has contributed to the 
marked diminution of the number of patients suffering from Japanese encephalitis 

A native of Tokyo, Dr. Ova enjoys fishing Dy the ocean and also talking m detail 
about the fish he has caught to people at the lab 


Dr. Hideo Fukumi 


Chairman 


A quiet, not to say tacitturn man. Dr Fukurmi sometimes gives VISHOTS an impres 
son of maccessitility. However, those who know him better testify to hes real 
fondness for company. This ts proved, they say. by his involvement with baschall 
which he not only watched but also played. although not of course, after becoming 
Presadent of Nagasaki University. He is an enthusiast for drinking. at least at the 
level of talking about wine. although he has never shown himsecil to be very adept 
at the practice 
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Dr. Nakao Ishida 


Chairman 


Widely known to the northern public as an outstanding figure in the intellectual 
world, Dr. Ishida has made contributions in a number of fields. As a professor in 
the Medical School of Tohoku University, he participated in the training of a large 
number of physicians destined for public service. The field of virology in Japan 
has also benefited enormously from his activities. In a later stage of his career, he 
was an active and highly communicative President of Tohoku University and, thus, 
established a third claim to public esteem. Sull engaged in many civic activities, 
he was made an Honorary Citizen of Sendai in 1989. A leisure time activity, shared 
by his wife, is the composition of Aaiku. 


Dr. Reisaku Kohno 


Chairman 


Dr. Kohno was a man of great inteliigence with a zest for life. He was extreriely 
fond of painting, and always carried a sketchbook with him to record the impressions 
of his travels. At the same time, he was a keen sportsman and loved skiing and 
golf. He had an outstanding curiosity about nature, and it was this that brought 
him to science. He died at the age of 69 in 1985, and has been missed by a multitude 
of friends in a variety of fields. 


Dr. Konosuke Fukai 
Chairman (1979-1985) 


Professor Fukai was an attractive and generous person as impressed by his phys- 
ical “‘giant,’" and devoted unequivocally to the U.S.-Japan Medical Science Pro- 
gram on Viral Diseases and other international cooperation in Medical Sciences 
He was a powerful rugby football player when hie was a student, and trained many 
excellent virologists through his comprehensive scientific attitude, sensitive and 
enthusiastic practice when he was a Chairman of the Department of Preventive 
Medicine, Research Institute of Microbial Diseases of Osaka University. He is also 
skillful in technologies and engineering to invent, utilize, aud maintain various 
scientific instruments for basic and practical virology, especially the electron mi- 
croscope, ultracentrifuge, and electrophoresis. He has been a pioneer in basic 
virology in the discovery of a phenomenon later called *‘ von Magnus phenomenon, 
as well as a practical virologist to develop influenza, Japanese encephalitis, and 
other major viral vaccines. He is still active as the Chairman of the Research 
Foundation for Microbial Diseases of Osaka University 














GUIDELINES 


VIRAL DISEASES PANELS 
United States-Japan Cooperative 
Medical Science Program 


Rabies 


Basic, mission-oriented, or applied studies including control 
measures, carly and late diagnostic techniques, virus reser- 
voirs, and prophylactic procedures. 


Dengue 


Studies of the epidemiology, carly confirmatory diagnosis, 
and pathogenesis of hemorrhagic fever. Development of vac- 
cines using selected viral structural components as the primary 
antigen: basic immunology with respect to classification; bio- 
physical and biochemical studies. 





Arboviruses 


Studies on the structural elements of arboviruses, including 
isolation and identification of antigenic components. 


Viral Gastroenteritis 


Epidemiologic investigations of infant and adult gastroen- 
teritis using virological techniques; diagnostic methods, anti- 
genic characterization (including human and related animal 
viruses), and studies on host-immune response requisite for 
vaccine development, epidemiologic surveillance. or control: 
detection, propagation, assay, and characterization of putative 
agents for man; and studies of pathogenetic mechanisms and 
predisposing factors that could lead to improved prophylaxis. 
therapy, or control. 








U.S. Viral Diseases Pane! 


PROGRESS IN PRIORITY AREAS 


The goals of the Viral Diseases Panels have remained un- 
changed since 1983 and included research on dengue and other 
arboviruses, viral gastroenteritis, rabies, and hemorrhagic fever 
with renal syndrome (HFRS). The advent of new biotechnology 
using recombinant DNA techniques, monoclonal antibodies, 
and immunologic methodology has revolutionized many as- 
pects of this program of research and caused a virtual explosion 
of new information about the viruses, their antigens, and new 


approaches to vaccine development. 
Viral Gastroenteritis 


Several candidate vaccines for protection of infants and chil- 
dren against rotavirus infections have been developed and are 
undergoing evaluation. The most advanced of these involve 
viruses engineered by genetic reassortant technology. The gen- 
ome of a rhesus rotavirus (RRV) of serotype 3 was reassorted 
with genomic segments of human rotaviruses by coinfection 
in cell culture to produce three variants that carried the back- 
bone of 10 segments of the RRV genome plus the genomic 
segment coding for the VP7 protein (neutralizing antigen) for 
one of the other three major human serotypes of group A 
viruses. As univalent vaccines, each of these variants elicited 
immune responses in children that were 100% protective against 
disease when the challenge virus was of the same serotype as 
the immunogen. However, challenge with heterotypic viruses 
in clinical field trials revealed less and sometimes unsatisfac- 
tory protection. A cocktail of all three univalent variants prom- 
ised to overcome this problem of specificity, but initial trials 
revealed that not all variants elicited satisfactory levels of an- 
tibodies when administered with the other two serotypes. Ad- 
justments to the dosages of each univalent component of the 
cocktail may rectify this imbalance in immune response. An- 
other candidate rotavirus vaccine employed a bovine rotavirus 
that had been passaged repeatedly in cell culture. This vaccine 
was well tolerated and elicited satisfactory antibody responses 
but was less than fully protective against challenge with ho- 
mologous or heterologous serotype challenge viruses. 

The use of recombinant DNA technology has been applied 
to rotavirus vaccine development. Specific genes of rotaviruses 
have been cloned with baculovirus vectors and have expressed 
rotavirus proteins in cell cultures. After purification, these pro- 
teins are being studied for their biological, biochemical, and 
immunological properties. Nine of the 11 rotavirus gene prod- 
ucts have been expressed so far in this system. 

The role of specific epitopes of rotaviral antigens in me- 
diating protective immunity against rotavirus infections has 
been evaluated by a variety of passive transfer studies using 
the mouse model. Antibodies to viral proteins VP4 and VP7 
(both are envelope antigens) will neutralize the virus in cell 
culture. The protection elicited by VP7 was serotype specific 
whereas the protection elicited by VP4 was heterotypic, but 


further studies revealed that VP7 could induce heterotypic pro- 
tection. 

Seroepidemiologic studies using monoclonal antibodies to 
the four major group A human serotypes of rotaviruses are 
being conducted in the United States. In Houston, Texas, the 
dominant serotype varies from year to year but in the North- 
central U.S. population, viruses that did not react with any of 
the typing monoclonal antibodies were identified and are being 
characterized further to determine if they represent new sero- 
A major advance in the rapid identification of rotavirus ser- 
otype was achieved in Japan using a panel of monoclonal 
antibodies in an ELISA test. This breakthrough in technology 
allows the typing of rotaviruses directly from stool specimens 
without isolation and culture and has greatly enhanced vaccine 
evaluation field studies where endemic challenge viruses are 
unknown until detected and identified in the cohort. The rapid 
typing techniques have probably shortened vaccine develop- 
ment by at least 2 years. Collaborations between the Japanese 
and U.S. investigators ir almost every aspect of rotavirus re- 
search also has been a major factor in the rapid progress achieved 
during the past 5 years. 


Dengue and Other Arboviruses 


The past 5 years have revealed a renaissance in arbovirus 
research that can be ascribed to the technological advances in 
molecular virology, especially DNA cloning, sequencing, and 
expression of vectored genes in mammalian or invertebrate 
cells. The new technology has reordered the approaches to 
studies of arboviruses, arbovirus vaccines, pathogenesis, and 
epidemiology. The techniques were applied first to nonpath- 
ogen, prototype viruses like Sindbis and yellow fever 17D and 
later to human pathogens. As the alpha and flavivirus genomes 
were sequenced, mapped, and compared for open reading frames 
and gene products, surprising new information came forth. The 
nucleotide sequences of the virulent Asibi strain of yellow fever 
virus has been compared to its attenuated relative, the 17D 
strain with implications regarding determinants of virulence. 
Viral strains, species, and genera revealed new relationships 
never before realized. For example, it was demonstrated that 
the alphavirus, Western equine encephalitis virus, is the prob- 
able natural recombinant of Sindbis virus and eastern equine 
encephalomyelitis virus. Approximately one-half of the gen- 
ome is genetically Sindbis and the remainder is castern. Now 
the genomes of several flaviviruses including dengue viruses 
and Japanese encephalitis virus have been sequenced and are 
revealing information about the nonstructural proteins encoded 
by the viruses. NS proteins have been largely unstudied because 
of the difficulty in producing and purifying them. Most re- 
cently, an infectious DNA complement of the 17D strain of 
yellow fever virus has been cloned, allowing for studies on 
pathogenesis and viral reproduction at the minutest level using 
point mutation techniques. Similar applications have been ex- 
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tended to studies of the viruses in invertebrate cells and com- 
paring with infections in mammalian cells. 

Studies with dengue viruses have utilized these new tech- 
nologies to great advantage. A segment of the dengue virus 
type 4 genome contaiming the genes coding for the envelope 
glycoprotein E, the pre-membrane protein M. capsid protein 
C, and the nonstructural proteins NS! and NS2a has been 
cloned using a baculovirus vector and expression in inverte- 
brate cell cultures. The proteins in the cell lysates were used 
to immunize mice and monkeys. Mice challenged intracere- 
brally with whole virus were completely protected against the 
lethal effects of the challenge. Cloning with a vaccinia vector 
ach:seved similar protection in mice. In monkeys, protection 
against viremia following challenge was less obvious. Anti- 
bodies to NSI in monkeys were high but antibodies to E were 
low. 

The dengue type 4 genes encoding for E and NS1 were also 
cloned using vaccinia virus as vector. After infection with 
vaccinia virus modified by either dengue E or NS1 genes, mice 
completely survived intracerebral challenge with the whole 
dengue virus. Mice receiving passive transfer of serum from 
the immunized mice were also protected against lethal chal- 


lenges. Thus, dengue proteins E and NSI are independently 
protective in mice. 

It is obvious that many additional studies will be necessary 
to develop an effective dengue virus vaccine, but the technol- 
ogy is now available to do so. Nucleotide sequences of dengue 
types 2, 3, and 4 are. for the most part, already determined. 

Although an effective vaccine against Japanese encephalitis 
is now available in Japan and China, improved vaccines are 
being considered that will be developed through recombinant 
DNA technology. Cloning of the entire genome of JE virus 
has begun and many of the sequences are already known. 


Hemorrhagic Fever with Renal Syndrome 
(HFRS) 


Until the virus was isolated and identified about a decade ago. 
the serologic tools and reagents were not available to diagnose 
this disease which now appears to occur worldwide. HFRS is 
now known to be prevalent in China as well as Korea and pockets 
of human infection have been found in Japan and in many other 
countnes. New information about the genetic relatedness of virus 
isolates belonging to the Hantaan group of viruses has been re- 
vealed from epidemiologic and molecular genetic studies. Recent 
epidemiologic studies have reported that a severe form of HFRS 
has been occurring endemically, and in outbreaks, in the Balkans 
of Europe. A milder form of the disease has been reported for 
years in Scandinavia and Eastern Europe. Five distinct Hanta 
viruses are now recognized which are regionally associated with 
HFRS: Hantaan virus in Asia; Promala virus in Scandinavia, the 
western Soviet Union and much of Europe is associated with this 
less severe form of disease; and Parolya virus found in the Balkans 
is associated with a very severe form of disease. Another Hanta 
virus has been isolated from rats in Seoul, Korea. The Seoul 
virus has the rat as a natural reservoir host whereas Hantaan virus 
has the Apodemus field mouse as a reservoir. A virus very similar 
to the Seoul virus has been isolated from rats in many countries 
of the world, especially near shipping ports. Although the Seoul 
virus is not known to cause disease in man, serologic evidence 
of human infection has been obtained in Baltimore, Maryland. 


Like other bunyaviruses the Hanta viruses have a three segment 
genome. Relatedness of these viruses can now be determined 
from nucleotide sequences. 

Rabies 

The human diploid cell subunit rabies virus vaccine (HDRV) 
has proven highly efficacious in postexposure treatment for 
rabies. Where available the vaccine treatment also includes 
simultaneous administration of human rabies immune globulin. 
Only rarely have there been vaccine failures when both vaccine 
and immune globulin have been properly administered. And 
in preexposure immunization, HDRV has been highly suc- 
cessful. Unfortunately, the current cost of the vaccine has pre- 
cluded its generalized use in humans in less affluent countries 
than the United States and Europe. Other countries still rely 
on less expensive vaccines produced from infected animal brains. 
Therefore, development of an inexpensive subunit rabies vac- 
cine has been pursued using recombinant DNA technology. 
This has successfully been achieved using vaccinia virus ge- 
netically modified to contain the rabies virus gene that codes 
for the envelope glycoprotein. The vaccine was developed for 
control of rabies in wildlife with the strategy of administering 
the vaccine though baits. The strategy has been demonstrated 
successfully in laboratory animals, but has not yet been applied 
to field studies. If this vaccine can be proven safe and effective 
in the field, it will have great potential for control of rabies in 
India and Southeast Asia where wildlife rabies regularly spills 
over to humans. An estimated 10,000 persons die from rabies 
every year in this area of the world. 

Rabies human immune globulin is becoming unavailable and 
risky because of potential contamination with other viral path- 
ogens. Use of equine immune rabies globulin is effective, but 
it also carries the risk of developing hypersensitivities and 
serum sickness. Therefore, studies have been pursued to de- 
velop human or mouse monoclonal antibodies that can replace 
human immune globulin. Mouse and human monoclonal an- 
tibodies that neutralize the rabies viruses in vitro have been 
produced. These monoclonal antibodies also successfully pro- 
tected laboratory animals against rabies virus challenges in both 
pre-exposure and post-exposure situations. Production of 
monoclonal antibodies is still problematic from human lym- 
phoid tissue, but not so from transformed mouse tissue. Clinical 
trials are planned for testing the safety of these monoclonal 
antibodies in humans. 

The contribution of lymphoid cells to acquired protection 
against rabies infection is still little understood. Studies are 
attempting to determine the relative role of different effector 
mechanisms induced by immunization with rabies virus im- 
munogens. T cells such as helper T lymphocytes or cytotoxic 
T cells may both contribute to the prevention of a rabies virus 
infection and virus spread throughout the nervous system. Ra- 
bies virus ribonucleoprotein (RNP) was shown to be a major 
target antigen for T helper cells that cross-react between rabies 
and rabies-related viruses. Immunodominant T helper cell ep- 
itopes of the viral nucleoprotein were identified in vitro by 
using synthetic peptides delineated from the amino acid se- 
quence of the nucleoprotein. The response to synthetic peptides 
was under the host Ir gene control. These studies suggest that 
antibodies directed against RNP are an important component 
of the protective response against rabies virus infection. The 





function of this RNP-specific antibody may be the promotion 
of the attachment of viral antigen to phagocytic cells, which 
are then stimulated to produce monokines such as interferon 
that could inhibit viral replication. 


SIGNIFICANT ACCOMPLISHMENTS 


Summary of the First Five Years—1965-—1969 


Research was oriented toward viral diseases of Asia includ- 
ing smallpox, rabies, and the arthropodborne viruses. 

A gel-precipitation test developed for diagnosis of smallpox 
is specific, rapid, and is 92% as sensitive as the more time- 
consuming technique of virus isolation. Analysis of subunit 
antigens of variola virus showed the presence of three specific 
hemagglutination antigens and a high molecular weight pre- 
cipitin which reacts with a neutralizing antibody. 

The nucleocapsid of rabies virus is composed of RNA plus 
a single protein, which fixes complement. The coat glycopro- 
tein is the hemagglutinating component. A newly developed 
hemagglutination test is comparable in its accuracy to the serum- 
neutralization test. In pathogenetic studies in foxes, it was 
shown that rabies virus matures on plasma membranes in the 
salivary glands. In nerve cells, intracytoplasmic maturation 
dominates. A search for clarifying overwintering mechanisms 
of Japanese encephalitis virus in Korea and for attenuated vac- 
cine strains was unsuccessful. Eleven mutants of Culex tritae- 
niorhynchus, the principal vector of Japanese encephalitis, were 
developed and show promise for control by genetic manipu- 
lation of mosquitoes. 

Dengue type-2 virus was shown to contain three proteins, a 
coat glycoprotein of 59 kd, a core protein of 13,5 kd and a 
capsid protein of 7.7 kd. The core protein was missing in 
incomplete hemagglutinating particles. This type of informa- 
tion is essential for vaccine development. 


Summary of the Second Five Years— 
1970-1974 


During the second 5 years, research emphasis was placed 
on rabies, dengue and dengue hemorrhagic fever, Japanese 
encephalitis, and other arboviruses. Much attention was given 
to the mosquito, Culex tritaeniorhynchus. 

A new, inactivated rabies virus vaccine (HDRV) was de- 
veloped in human diploid cells, and new information was gained 
on immunopathogenic mechanisms as a cause of early deaths 
in rabbits. The production of rabies vaccine in many countries 
depends on the use of neural tissues. Hence, the new HDRV 
vaccine represented an important scientific advance. Other ser- 
ologically related viruses were isolated in Africa and were 
identified as members of rabies-virus complex. 

The pathogenesis of dengue hemorrhagic fever is improperly 
understood. In pursuit of a dengue virus vaccine, heat-sensitive 
mutants of the virus have been developed. Variations in vector 
competence for dengue type 2 virus were demonstrated in Aedes 
albopictus taken from different geographic areas. Genetically 
differing strains of C. tritaeniorhynchus, a major vector of 
Japanese encephalitis virus in Asia, have been developed. These 
studies are aimed at finding viable strains which would be poor 


vectors. Yet, they might compete genetically with wild pop- 
ulations and replace the wild vector populations with inefficient 
vectors. 


Summary of the Third Five Years—1975-—1979 


The mechanisms of dengue hemorrhagic fever/shock syn- 
drome remains unclear. Severity of disease is not related to 
transmission by certain vector species. Immune enhancement 
of dengue virus infection was well established, which suggests 
that entry of dengue virus antibody complexes into mononu- 
clear phagocytes occurs via Fc receptors on these cells. Prod- 
structural and nonstructural viral proteins were described for 
St. Louis and dengue viruses. The mechanism of replication 
of flaviviruses is different from that of alphaviruses. In fla- 
viviruses, ribosomes recognize internal initiation sites on gen- 
omic messenger RNA. This ts in contrast to alphavirus translation, 
which begins at terminal sites, with production of precursors 
that are subsequently cleaved. 

Vector competence studies showed the relationship of the 
midgut barrier to virus infection and dissemination within the 
mosquito host. Other studies with California group bunyavi- 
ruses and their Aedes vectors revealed that transovarial trans- 
mission of arboviruses occurs commonly. Transovarial 
transmission of Japanese encephalitis virus and St. Louis en- 
cephalitis virus and dengue viruses occur in several species in 
the laboratory, but their importance in the field has not been 
established. 

Korean hemorrhagic fever (hemorrhagic fever with renal 
syndrome) is present in the wild rodent Apodemus agarius. 
Cells from these rodents were used to isolate the agent from 
humans. The disease is now known *9 occur in Japan, thus 
stimulating new interest in this disease by the Viral Diseases 
Panels. 

The research goals of the panels were officially expanded 
in 1978 to include viral gastroenteritis because of the severe 
problem of these diseases in Asia and other areas of the world, 
including the United States and Japan. The structure of rota- 
viruses was demonstrated. Human rotavirus type 2 was suc- 
cessfully propagated in cell cultures. Epidemiological studies 
have shown rotaviruses, adenovirus and non-cultivatable 27nm 
viruses responsible for acute viral gastroenteritis in humans. 
Viral infections were detected by ELISA and immunoelectron 
microscopy. Rotaviral infections were most common. Rota- 
virus antibody prevalence was shown to increase with age. 
Sporadic outbreaks of Norwalk-type (27 nm particles) occurred 
in the United States. 

The human diploid cell inactivated rabies virus vaccine con- 
sistently produces antibodies in human recipients. Tests of an 
oral rabies vaccine for animal administration resulted in anti- 
body production. A guinea pig model system for post-exposure 
testing of rabies vaccine efficacy was developed. Oligonu- 
cleotide fingerprints showed that fixed rabies virus RNA differs 
from wild strains. A monoclonal antibody system showed that 
the glycoproteins antigens were diverse. Strains from the same 
geographic area and species of origin have similar patterns of 
reactivity. Natural antigenic variation may explain g-failures 
of post-exposure treatment of rabies. Cell to cell spread of 
rabies virus occurs by budding of virus from one cell directly 
into cytoplasm of an adjacent cell. 














Summary of the Fourth Five Years— 
1980-1984 


Research goals of the panels were again expanded slightly 
in 1983 to include hemorrhagic fever with renal syndrome 
(formerly Korean hemorrhagic fever) as well as viral gastroen- 
teritis, rabies, dengue, and other arboviruses. Several advances 
in biotechnology including monoclonal antibodies, RNA fin- 
gerprinting by two-dimensional radiochromatography and nu- 
cleotide sequencing did much to advance our knowledge of 
virus structure, viral gene functions, replication, and patho- 
genesis. These technologies also offered new opportunities for 
vaccine development. 

In arbovirus research considerable attention was given to 
genomic reassortment by bunyaviruses as genetic mapping of 
this three genome was undertook. Much of the 
studies involved La Cross virus and related California group 
viruses because of their ease of culture and assay. It was found 
that the mid-length RNA segment, M, carried the genetic in- 
formation for virulence in the mouse and transmision capabil- 
ities in the arthropod vector. Eight antigenic sites were found 
on the G1 protein using monoclonal antibody technology. The 
small segment, S, codes for nucleoprotein and a nonstructural 
protein. The L segment codes for viral transcriptase. Segment 
reassortment allows for genetic heterogeneity. Segment reas- 
sortment is restricted to closely related virus isolates or strains. 
It does occur among viruses of different genera. 

Research sponsored by the U.S. panel led to better under- 
standing of Old World and African area viruses. GP-| and GP- 
2 glycoproteins of lymphocytic choriomengingitis virus and 
Lassa and Mozambique viruses were studied. Definitive evi- 
dence of the conservation of genetic information coding for 
GP-2 among these three viruses and their close links was dem- 
onstrated. 

Studies also focused on alphavirus transcription. Viral minus 
strand RNA is the template of synthesis for two species of plus 
strand RNA—the 49S virion RNA and 26S messenger RNA. 
Minus strand synthesis is required to amplify virion RNA in 
infected cells. Complementary DNA (cDNA) corresponding to 
the genes coding viral glycoproteins fo two temperature-sen- 
sitive mutants of Sindbis virus were sequenced. 

Other studies with dengue virus and aedine mosquitoes other 
than Aedes aegypti showed a New World species, Aedes (Gym- 
nometopa mediovitatus), occupies the same ecologic niche as 
A. aegypti and bites man readily. It is susceptible to oral in- 
fection with dengue | virus and is more susceptible to dengue 
2 virus infection than a highly susceptible strain of A. aegypti. 
Of particular interest is the demonstration of transovarial trans- 
mission of dengue virus in A. mediovitatus. it showed the 
highest overall filial infection rates observed for any flavivirus 
including recorded rates for A. aegypti with all four dengue 
types. 

Progress in classification and understanding of rotaviruses 
and their structure, composition, and function was rapid. Swift 
progress was largely due to stimulating research reports pre- 
sented at Joint Panel meetings, constant communication be- 
tween U.S. and Japanese rotavirologists and active collaboration 
with exchange of information, reagents, and scientists. The 
major advances include: a cell culture system for isolating and 
characterizing viruses and a refinement of the cell culture sys- 
tem by adding trypsin to amplify yields and allow for plaquing 


of viruses. This double-shelled virus revealed five proteins as 
components of the inner shell and four proteins in the outer 
shell. Rotavirus neutralizing antigen contains type-specific and 
type-common determinants. Both genomic segments 3 and 9 
(out of a total of 11) code for type-specific neutralization. A 
mouse model to study homologous and heterologous immune 
responses 1s under development. 

The Norwalk agent is a comrmnon cause of gastroenteritis 
outbreaks in the United States; by early childhood, this virus 
is found throughout the world in high frequency. Studies were 
initiated to characterize a newly described Snow Mountain 
agent. It is morphologically similar to Norwalk and Hawaii 
agents but is antigenically distinct. Antibody to these viruses 
was found to be acquired late in childhood: prevalence is ap- 
proximately 60% in selected adult populations throughout oe 
United States. 

Considerable progress led to better understanding of the oc- 
currence and viral characteristics of the agents which cause 
hemorrhagic fever with renal syndrome (Korean hemorrhagic 
fever). In work reported at Joint Panel meetings, Hantaan virus, 
the designated etiologic agent, was isolated in cell culture from 
clinical cases and wild rodents in Korea and Japan. This virus 
is a bunyavirus with a three-segment, single-stranded, RNA 
genome. These observations stimulated research elsewhere. 
and related viruses have been isolated from rodents in the! 
United States and Europe. These findings suggest a close as- 
sociation with rodents and worldwide distribution. Biochemical 
and antigenic analysis of these isolates indicate that they form 
a complex designated Hantaan virus group. 

The development of human diploid cell inactivated rabies 
virus vaccines, and more effective killed and live attenuated’ 
anima! vaccines stimulated interest in evaluation of rabies virus 
antigens and the relationship of these antigens to human pro- 
tection. Studies showed the existence of at least three distinct 
antigenic sites on the rabies virus glycoprotein that is an es- 
sential component of effective vaccines. Some strains of fixed 
virus show four sites. Mutations in the nucleotide sequences 
were identified in ERA and CVS strains of virus that may 
account for the nonpathogenic variant of virus. 


Summary of the Fifth Five Years—1985—1989 


The advent of new biotechnology using recombinant DNA 
techniques, monoclonal antibodies, and immunologic meth- 
odologies has revolutionized many aspects of this program of 
research and caused an explosion of new information about 
the viruses, their antigens, and new approaches to vaccine 
development. 

Several candidate vaccines for protection against rotavirus 
infections have and are being developed. These include live, 
attenuated reassortant virus vaccines, host restricted live virus 
vaccines, cold-adapted live virus vaccines, and subunit vac- 
cines produced by recombinant DNA techniques. Major ad- 
vances were achieved by the development of cell cultures for 
propagation and assays of rotaviruses, of monoclonal antibod- 
ies to rapidly identify serotypes. a plaquing technique for iso- 


lation of viruses and neutralization studies rd cloning and 
sequencing of all 11 genome segments {i cture/function 
studies and production of gene products. ...< most promising 


of the candidate vaccines to date are the live virus reassortants 
from rhesus monkey rotavirus and human rotaviruses. 














Outstanding progress has also been achieved in arbovirus 
research. Genomes of several alphaviruses and flaviviruses 
have now been cloned and sequenced. including Sindbis virus, 
dengue viruses types 2. 3 and 4, yellow fever virus, Japanese 
encephalitis virus, St. Louis encephalitis virus, Eastern equine 
encephalitis, and Western equine encephalitis viruses. WEE 
virus has been shown to be a natural recombinant of Sindbis 
virus and EEE. Subunit vaccines for dengue viruses have been 
produced and tested in mice and monkeys. Although good 
protection in mice vvas achieved, protection in monkeys was 
not as obvious. Major advances have achieved in genetic map- 
ping of arboviruses and identification of protective antigens. 
The use of nonstructural proteins of the viruses in vaccines 
may be essential for maximum efficacy. 

Four distinct viruses of the Hanta group of bunyaviruses 
have now been recognized. Three of these viruses cause hem- 
orrhagic fever with renal syndrome. The Hantaan virus is as- 
sociated with disease in Asia, Parolya virus is associated with 
very severe disease in the Balkans, and Promaila virus ts as- 
sociated with mild disease in Scandinavia, eastern Europe, and 
the western Soviet Union. A fourth virus, Seoul virus, has 
been isolated from rats in several countries of the world but is 
not yet associated with human disease even though antibodies 
to the virus have been detected in humans in Baltimore, Mary- 
land. Relatedness of these viruses can now be determined from 
nucleotide sequences. 

The human diploid cell rabies virus vaccine (HDRV) has 
proven highly efficacious in post-exposure treatment for rabies 
as well for pre-exposure prophylaxis. When available, the post- 
exposure treatment also includes simultaneous administration 
of human rabies immunoglobulin. Because the cost of HDRV 
has precluded widespread use in developing countries where 
human rabies is a severe problem, other vaccines derived from 
rabies infected animal brains are still in use despite their risks 
of neurologic impairment. Therefore, development of a rela- 
tively inexpensive subunit rabies vaccine has been developed 
using recombinant DNA technology. Vaccinia virus has been 
modified to contain and express the glycoprotein gene of rabies 
virus. The vaccine is intended for control of wildlife rabies by 
means of vaccine impregnated baits. Animal protection studies 
have demonstrated the strategy is highly effective for raccoons, 
foxes, and dogs in a laboratory setting, but it is still untested 
in field studies. If this vaccine can be proven safe and effective 
in field trials it will have great potential for control of rabies 
in India and Southeast Asia, where wildlife rabies regularly 
spills over to humans. Rabies immune globulins that are ad- 
ministered with HDRV in post-exposure treatments is in short 
supply. Alternative methods of producing rabies immune glob- 
ulins have been developed using monoclonal mouse and human 
antibodies. Field tests are planned for safety and efficacy. 


MAJOR RESEARCH MILESTONES 


¢ 1967 marked the first year of joint working conferences 
between the U.S. and Japanese Viral Diseases Panels. 

¢ A worldwide program for eradication of smallpox through 
vaccination and surveillance for new cases was initiated 
in 1968. The program was declared a success 3 years 





later, and that success has endured so that vaccination 
against smallpox 1s no longer required anywhere in the 
world. The advent and success of the WHO cradication 
program allowed for the removal of smallpox from the 
research goals of the Viral Disease Panels. 

The concept of antigenic drift versus shift to explain 
antigenic variation in influenza viruses was introduced in 
1967. This concept has dominated studies of influenza 
epidemiology and vaccinology for the last two decades. 
The initiation of other international programs on influenza 
was partially responsible for the deletion of influenza 
research from the U.S.-JCMSP guidelines and goals in 
1973. 

The successful development in 1970 of continuous cul- 
tures of mosquito cells allowed the initiation of studies 
of the dynamics and kinetics of arthropod-borne viruses 
im invertebrate cells. Important comparative virologic data 
between infections in continuous and primary mammalian 
and avian cells and in invertebrate cells became techni- 
cally feasible and actively pursued. 

The development of the human diploid cell line, W1-38, 
led to the successful culture of rabies virus in a medium 
that was free of potential allergenic, carcinogenic, and 
encephalitogenic reactions in humans. By 1974 a new 
subunit rabies virus vaccine was developed and by 1978 
replaced the duck embryo rabies virus vaccine used in 
the United States for pre- and post-exposure treatment of 
rabies. 

A new killed rabies virus vaccine prepared from virus 
grown in chick embryo cells was developed in Japan 
almost simultaneously with the HDRV vaccine in the 
United States. The chick embryo rabies vaccine is im- 
munogenic and free of encephalopathy-generating ma- 
terial. It is considerably cheaper to produce than the HDRV 
vaccine and, thus, has greater potential for use in Asia. 
The etiologic agent of Korean hemorrhagic fever (hem- 
orrhagic fever with renal syndrome) was identified by 
immunofluorescence in the lungs of the Korean field mouse. 
Apodemus agrarius in 1970. The virus was isolated and 
characterized over the next several years as a bunyavirus. 
In 1970 the viral etiology of the Norwalk-like outbreaks 
of nonbacterial gastroenteritis was established by im- 
munoelectronmicroscopy (IEM). A 27nm virus particle 
was described. 

In 1974 a reolike virus (later classified as rotavirus) was 
identified by [EM as an etiologic agent of viral gastroen- 
teritis in infants and children. Viral gastroenteritis, be- 
cause of its devastating morbidity and mortality in infants 
and young children, was included in the research goals 
of the USJ-CMSP in 1978. 

Human rotaviruses were successfully cultivated in con- 
tinuous cultures of monkey cells in 1979 which allowed 
in vitro studies with pure cultures of virus. This advance- 
ment quickly led to the characterization of the 11 segment 
genome and then to segiment-reassortment studies. Soon 
thereafter, a method of plaquing the human viruses was 
devised by using trypsin to enhance virus-cell adsorbtion. 
Plaquing allowed for quantitation of infectious virus par- 
ticles and greatly enhanced the pace of research on these 
pathogens 


A live reassortant rotavirus was constructed by dual in- 
fection of monkey cells with rhesus monkey rotavirus 








and human rotavirus in 1985. This reassortant became 


the prototype for promising new candidates for human 
rotavirus vaccines that currently are being evaluated in 
In 1976, the ability of arboviruses to be perpetuated by 
transovaral transmission im their arthropod host was suc- 
cessfully demonstrated in the laboratory. The initial ob- 
servations with LaCross virus. a bunyavirus, were later 
confirmed and extended with alpha-and flaviviruses. This 
mechanism of persistence helps to explain the overwin- 
tering of arboviruses in mosquitoes. Venereal transmis- 
sion of arboviruses from infected male mosquitoes to 
females was also demonstrated as a horizontal mode of 
perpetuation; i.c.. infected male larvae upon maturity 
could pass the virus venereally to uninfected females that 
feed on mammals. 

The technology of RNA fingerprinting was successfully 
adapted to arbovirology in 1976. This technique of ra- 
diochromatography allowed the comparison of viral gen- 
omes and segments of viral genomes. In tum, the 
technology led to genetic reassortant experimentation and 
gene function studies at a molecular level. The first ap- 
plication was to bunyaviruses because of their three-seg- 
ment genome. rege ei the techniques was used for 
genetic epidemiology of dengue viruses, defining geo- 


graphic strains of dengue virus with greater precision than 
serologic methods allow. 


In 1984 the genome of Sindbis virus, a prototype al- 
phavirus was successfully sequenced by cloning cDNA 
genomic segments using plasmid vectors and bacterial 
hosts. Several other alphavirus genomes were subse- 
quently cloned and sequenced. As the single open-read- 
ing-frame for cach virus was determined, it became 





apparent that the entire genome ts translated zs one pro- 
tein that 1s subsequently processed to structural and non- 
structural proteins for viral replication and assembly. The 
new technology led to the discovery that alphaviruses 
recombine naturally. In 1986 Western equine encephalitis 
virus was found to be a natural recombinant of Sindbis 
and Eastern equine encephalitis viruses. 

The genetic code of the 17D strain of yellow fever virus 
(vaccine strain) was “cracked” in 1985. setting the stage 
for cloning and sequencing of other flavivirus genomes. 
including four dengue types. Like the alphaviruses. 
was shown that flavivirus genomes are translated into 
single large proteins that are subsequently processed to 
structural and nonstructural viral polypeptides. Later. the 
17D genome was cloned in two pieces and then annealed 
to yield infectious RNA. This is considered a major 
breakthrough to the eventual understanding of the func- 
tions of arboviral components and pathogenesis. It is 
probable that this technological advance will lead to m- 
proved vaccines for dengue and other arboviruses. 
Rabies virus genomic RNA was successfully cloned as 
complementary DNA in 1981. This advancement has led 
to new subunit vaccines with viral glycoproteins ex- 
pressed im bacteria, yeast, mosquito cells or mammalian 
cells, all of which allow for punfication ofthe desired 
immunogens. In 1985 the molecular techmiques were ex- 
tended to modifying vaccinia virus with rabies virus com- 
plementary DNA coding for rabies virus envelope 
glycoproteins for use as a live vaccine in wildlife. This 
new approach to rabies control has the potential for elim- 
inating the threat of rabies being transmitted from infected 
wildlife to domestic animals and humans 
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Japanese Viral Diseases Panel 


BROAD GOALS 


The goals and objectives originally (1965) identified for the 
Viral Diseases Panels were broad and included diseases caused 
by arboviruses, respiratory diseases caused by influenza, par- 
ainfluenza, respiratory syncytial and adenoviruses, smallpox, 
and rabies. At the Ninth Viral Diseases Panel Meeting in 1975, 
it was mutually agreed that research areas would be focused 
on rabies, dengue, and other arboviruses in accordance with 
the recommendations made by the Joint Subcommittee and 
Committee of the Program. In 1978, at the 12th Joint Viral 
Diseases Panel Meeting, the Panels’s guidelines were extended 
to include viral gastroenteritis and hemorrhagic fever with renal 
syndrome (HFRS) also was incorporated. 

At present, the scope of the research areas of interest to the 
Panels includes i and prevalent diseases common to 
the United States, Japan, and Asia. These are dengue, dengue 
rabies, and viral gastroenteritis, all of which pose important 
problems as threats to human health in many parts of the world. 
The Program is collaborating with common research guidelines 
between the U.S. and Japanese Panels. These guidelines in- 
clude epidemiology. pathogenesis, molecular biology, diag- 
nosis, prevention, and control measures for rabies, arbovirus 
infections, HFRS, and viral gastroenteritis. 

The Joint Panel activities are characterized by the close col- 
laboration and continual communication between U.S. and Jap- 
anese scientists. The Joint Panel Meetings will continue to 
provide a forum for problem identification and resolution in 
the focused research areas. 


PROGRESS IN PRIORITY AREAS 


Viral Gastroenteritis 


During the last 5 years, continuous progress has been made 
in many aspects of rotavirus and other diarrhea viruses. and 
their infections, including molecular biology, cell-virus inter- 
action, epidemiology, immunology, and vaccine development. 
Such progress was largely due to constant collaboration and 
cooperation between U.S. and Japanese scientists with the ex- 
change of information, reagents, and personnel. 

Rotaviruses have been classified into several groups (A-—F) 
according to their respective antigen specificities. Among them, 
group A rotaviruses are most commonly detected and often 
associated with diarrheal diseases in infants and young children 
throughout the world. At least four serotypes among the group 
A human rotaviruses (HRV) have been recognized by neu- 
tralization tests and serotype specificities are attributed to an 
outer capsid glycoprotein, VP7, although VP4, another outer 
capsid protein also elicits neutralizing antibody. Monoclonal 
antibodies (MAs) directed at VP7 and specific for each serotype 
have been produced and applied to an enzyme-linked immuno- 
sorbent assay (ELISA) for serotyping HRV isolates. The ELISA 
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was utilized for studies on serotype prevalence in epidemics 
at various locations in Japan. Dominant serotypes were ob- 
served in each epidemic; they were distinct not only in different 
locations at the same time, but also at different times im the 
same locations. In addition to these regional and temporal 
variations of HRV serotypes prevailing. HRV strains with un- 
usual antigenic characteristics and unique RNA patterns were 
detected. The occurrence of these unusual strains as well as 
regional and sequential variations of serotype dominance may 
provide important insights into changes by reassortment of 
genes and the appearance of new, stable mutants, the etiologic 
and epidemiologic significance of such mutants remains to be 
determined. 

in terms of protection against HRV. the possibility of het- 
erotypic immune resistance was examined in infants who were 
exposed to recurrent outbreaks of HRV infections in an or- 
phanage. It was shown that pre-existing neutralizing antibod- 
ies, though protective against homotypic HRV infection, were 
not capable of cross protection against heterotypic HRV in- 
fections. On the other hand, the of cross-reactive 
neutralizing epitopes on VP4 of HRV were shown by using 
neutralizing (N) mAbs with a variety of interscrotypic reactiv- 
ities. Serological analysis with six cross-reactive N-mAbs dem- 
onstrated antigenic variations in HRV strains with the same 
serotype, showing the existence of at least three antigenic ep- 
itopes on VP4. Collaborative studies between Japanese and 
U.S. researchers demonstrated that the amino acid substitution 
on VP4 of mutants selected under the individual N-mAbs were 
at positions critical to the epitopes for neutralization: a synthetic 
peptide including the epitope reacted with its corresponding 
N-mAb. These experimental data may offer an important basis 
for the development of a vaccine against HRV. 

VP4 is associated with biological functions involved in virus- 
cell interaction such as hemagglutination, growth restriction im 
cell culture, and virulence. The treatment of HRV with trypsin 
cleaves VP4 and enhances its infectivity with a concomitant 
loss of the hemagglutinin activity. Trypsin-treated, infectious 
HRV was shown by electron microscopy to enter the cell by 
direct penetration through the cell membrane, whereas un- 
treated HRV has taken up into cells by the process of endo- 
cytosis. These morphologic findings were confirmed by 
biochemical studies. VP7 is the HRV cell attachment protein 
and adsorption of HRV via VP7 is independent of trypsin 
treatment. The limited cleavage of VP4 by trypsin is essential 
for the development of HRV infection and is necessary for the 
selective internalization/penetration of the inner capsid com- 
ponents, a process that is essential for HRV infection. How- 
ever, the molecular mechanism by which the trypsin-treated. 
infectious virions are internalized via VP4 remains unresolved, 
VPS, the larger cleavage product of VP4, has been shown to 
possess the neutralization region similar to the putative fusion 
sequences of Sindbis and Semliki forest viruses. 

Several groups in the U.S. and Europe have been developing 
oral rotavirus vaccines for human use. They are mostly atten- 
vated animal rotaviruses or reassortants. A trial of the rhesus 














rotavirus vaccine, MMC-18006, was carned out in Japanese 
infants. All the vaccinees given the vaccine two times, 3 or 6 


only insufficient antibody responses to other serotypes of HRV 
after booster inoculation of the vaccine. The results appear to 
agree with the evidence observed in natural infections. 

On the other hand, a cold-adapted HRV strain, IGV-80-3 
was established as a candidate for human vaccination in Japan, 


atypical 
been discovered among humans as well as animals. Group B 
HRV has been prevalent in China causing extensive outbreaks 
of acute gastroenteritis. On the other hand, group C rotavirus 
was found frequently in Japanese children with acute diarrhea 
in the Matsuyama district, and serologically suggested to have 
been prevalent there. Although these atypical HRV’s have not 


A specific diagnosis of infection with any agent still remains 
essentially based on electron microscopy, although serologic 
tests for the diagnosis of Norwalk virus and calicivirus have 
been developed. As a novel diagnostic technique, a Western 
blot assay system using SR V-specific antigens in stool extracts 
was developed for serodiagnosis. 


Arboviruses 
Se a ee ee eee 
ecology. laboratory diagnosis, and molecular biology of ar- 


boviruses, especially on Japanese encephalitis (JE) and dengue 
viruses, Causative agents of human diseases of public health 
importance. Rapid advances in molecular biology in recent 
years have enabled one to analyze genome structure of these 
viruses, and the results have been utilized to understand their 
biological characteristics, such as virulence and strain differ- 
ences, epidemiology and ecology at a molecular level. The 
results have also been used to develop the second generation 
vaccines while the current formalin-inactivated and highly pur- 
ified JE vaccine derived from infected mouse brains has been 
reevaluated for its efficacy by the laboratory and field tests. 

In Japan, the annual number of human JE cases significantly 
decreased after the epidemic in 1966, and has remained under 
100 since 1972. However, the virus persists in nature and its 
overwintering still is an unsolved question. Oligonucleotide 
fingerprint analysis on JE virus isolates showed that Japanese 
strains were generally similar and were significantly different 
from those in Southeast Asia. Strain differences of JE virus 
isolates have been analyzed also by a battery of monoclonal 
antibodies (MCA). Epidemiological studies in Hokkaido, the 
northern island of Japan which was regarded as a JE- nonen- 
demic area, isolated JE virus from aborted swine fetuses from 
mothers which could have been infected during the winter 
months, and the isolated virus showed different MCA-reactiv- 
ity from those on the main Island of Japan. The study also 





showed that Culex tritaeniorhynchus, the main vector of JE in 
main and southern islands of Japan, was not a predominant 
species captured during epidemic season. The data indicate 
overwintering of JE virus im respective local areas. although 
vectors and the transmission mode in Hokkaido, especially in 
the winter season, have not yet been clarified. The marked 
decrease of human JE cases in Japan has been attributed to the 
reduced vector jon and mass-immunization with the 
current vaccine. The reduction of the vector has been regarded 
as the result of wide-spraying of pesticides in its breeding sites 
of watered rice fields. However. the vector captured in the 
field in Japan during recent years showed significantly elevated 
resistance to organophosphorus insecticides compared with lab- 
oratory-maintained strains colonized before the wide-spraying 
of pesticides. Field collection of the vector in Toyama Prefec- 
ture in Japan showed its increasing trends im recent years, 
alarming workers that JE has not been eradicated from Japan. 

Several modifications of enzyme-linked immunosorbent as- 
say (ELISA) have been devised for the laboratory diagnosis 
and serological surveillance on JE. dengue and related flavi- 
viruses. 

Field studies and observations in Thailand and Vietnam showed 
that both JE and dengue virus infections have been serious 
public health problems in these countnes, and development of 
inexpensive, safe and effective vaccines as well as their rapid 
laboratory diagnosis were highly required. 

Molecular Biology and Development of the Second 
Generation Vaccines 

Since genone sequences of yellow fever (YF) and West Nile 
(WN) viruses were published in 1985, many other flaviviruses 
have been partially or completely sequenced. The 3°-end se- 
quence of JE virus RNA was reported to form a secondary 
structure similar to YF and WN viruses and entire genorne 
sequences were analyzed for JE and type 3 dengue viruses, 
showing that they have similar genome organization as other 
flaviviruses; 5°-noncoding region, followed by a single long 
open reading frame coding CPM. M-E-NS1-NS2a-NS2b-NS3- 
NS4a-NS4b-NSS5 proteins, and 3°-noncoding region. although 
the numbers of nucleotide (nt) and amino acid (AA) residues 
im cach segment were slightly different. These data 
and cDNA clones have been utilized to develop the second 
generation vaccines. Expression of JE virus envelope glyco- 
protein (E) gene by recombinant yeast or Bombix mori bacu- 
lovirus turned out to be of limited success. The gene product 
was relatively small in quantity and appeared to be degraded 
by endogenous protease in recombinant yeast, resulting in sig- 
nificantly lower immunogenicity to elicit neutralizing (N) an- 
tibodies compared with the current vaccine. Most of the E 
protein epitopes appeared to be conformational depending on 
disulfide bonds, which were conserved among flaviviruses and 
present in the N-terminal side of the E protein, and could be 
destroyed by various steps to purify expressed E gene products. 
JE virus E protein epitopes have been analyzed by MCA, and 
passive immunization with N-MCA protected mice from lethal 
challenge. Analysis on N-MCA-escaped mutants of JE virus 
indicated that the authentic N-cpitope(s) could be composed 
by combination of different parts of E protein primary structure. 
On the other hand, analysis on cyanogen bromide-cleaved frag- 
ments indicated that an 8Kd fragment near the C-terminal of 
JE virus E protein could possess denaturation-resistant N-cp- 
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itopeis). In recombinant vaccinia and baculoviruses. presence 
and expression of upstream gene. PrM and/or M. beside E 
protem gene were crucial to obtain E protein gene products 
with its authentic antigenicity, especially N-epitopes. and their 
transport to the cell surface. 

of vaccines, and analysis by MCA showed 
that JE virus strains could be classified into Nakayama, Beijing. 
and other subtypes. Comparative sequence analysis on E pro- 
tein genes of several JE virus strains showed that the gene was 
conserved as a whole with | S00 nts which determine 500 AA 
residues, and that a particular AA substitution from serine to 
arginine at AA number 417 correlated with subtype determi- 
nation as Nakayama or Beijing. 

In dengue type 4 virus-infected cells, accumulation of core 
protein (C) was observed in the nuclei by anti-C protein MCA 
and anti-C protein serum raised against the C-protein expressed 
2 ae The biological significance of 

these findings in relation to virus replication or regulation on 
host cell metabolism remains to be clarified. 

In vitro viral RNA polymerase activity was demonstrated in 
the cytoplasmic extract of JE or dengue type | virus-infected 
cells. The enzyme activity increased in parallel with the pro- 
duction of infective virus, NS3 and NSS proteins. The NSS 
protein has been regarded as a candidate of viral RNA replicase 
because of its consensus AA sequence with several other viral 
RNA replicases. 

Although Nakayama strain has long been used for JE vaccine 
production in Japan and its mass-vaccination was reported to 
have markedly reduced human JE cases in the Republic of 
Korea, its efficacy to protect for various JE virus strains was 
reevaluated, because of the strain variations and wide geo- 
graphical areas of JE epidemics. Among several vaccines pro- 
duced with different JE virus strains, Beijing-1 vaccine was 
shown to protect wider range of JE virus isolates, both by 
mouse model system and human immunization, providing the 
scientific support to change vaccine strain from Nakayama to 
Beijing-| by the National Institute for Health of Japan. 

Summarizing the results, basic studies on arboviruses have 
been carried out paying close attention to their practical ap- 
plicability to the epidemiological surveillance , prevention, con- 
trol or laboratory diagnosis, and to the understanding of biological 
phenomena at molecular levels. 


Hemorrhagic Fever With Renal Syndrome 


Hemorrhagic fever with renal syndrome (HFRS) is a serious 
viral zoonosis spreading throughout in Northern Eurasia. In 
China and Korea, HFRS was severe and often fatal, and the 
virus linked mostly to field vole, Apodemus agrarius. Re- 
cently, urban rats have been found to carry the virus with a 
mild form of HFRS and it is now recognized as an urban 
problem in the world. 

In Japan, the studies of HFRS have made progress rapidly 
since 1982, when the causative virus was isolated from a carrier 
laboratory rat through cell culture. Then, various sero-diag- 
nostic methods were developed for detection of HFRS virus 
infection in humans and rodents, so that HFRS virus was erad- 
icated from laboratory rats. However, incidence of the infection 
has been shown in urban rats, Rattus norvegicus, living at 
certain port areas and in scattered rural areas. 

During the past 5 years, three main research groups, NIH 
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in Tokyo, Faculty of Vetermmary Medicine of Hokkaido Uni- 
versity and Institute of Microbial Disease (Biken) of Osaka 
University were engaged im the characterization of HFRS virus 
and epidemiological studies of HFRS virus infection im rats. 
The NIH group performed scro-eprdemiological survey in 
free living R. norvegicus for more than 3 years near Tokyo 
Bay. Rats less than 3 months old usually showed a lower titer 
of antibody representing maternal antibody. The positive rate 
increased concomitantly with the increase in the rat's age. 
The Hokkaido group performed an epidemiological survey 
in an endemic focus of urban rats inhabiting a small dumping 
ground since 1983. The viruses were frequently isolated from 
the antibody positive adult rats. The antibody of newborn rats 
was confirmed experimentally to be transferred from immune 
dams to their offspring prenatally as well as postnatally. The 
suckling rats from immune dams, at least up to 8 weeks of 
age, were protected from infection and death by maternal an- 
tibody. In the rat born strains, antigenicity was almost similar 
among them by cross neutralization test, but virulence to rats 
was heterogencous. 
The Biken group reported that the hantavirus was isolated 
consistently from various organs of BALB/C mice. The rate 
of infected monocytes was found approximately to be 0.1% at 
three months, and decreased to 0.001% one year after infection. 
Their results also suggest that T cells play an important role 
in clearance of virus in vivo. Virus-specific cytotoxic T lym- 
phocytes were generated when spleen cells from the infected 
mice were stimulated in vitro with infected syngeneic mac- 
rophage. 


Rabies 


As a model system for the study of peripheral rabies virus 
infection, adult rats were inoculated with CVS strain of rabies 
virus directly into the peripheral nerve (mental nerve), showing 
mimicry to the encephalitic form of natural rabies in man. 
Numerous minute masses of nucleocapsid (NC) antigens were 
found in and around normal-appearing neurons in the basal 
ganglia, cerebellum, hippocampus and neocortex. On the other 
hand, G antigens could hardly be detected in the CNS at the 
late stage of infection although both G and NC antigens were 
clearly demonstrable in the trigeminal ganglia at the early phase 
of infection. 

To analyze the viral antigens on the targeted cells which are 
recognized by cytotoxic T lymphocytes (CTL) ten murine CTL 
clones (Thy! + Lytl-, Lty2 +) were isolated from A/J mice 
immunized with not only four rabies virus strains, but also 
with Duvenhage virus. 

All the isolated CTL clones were shown to recognize rabies 
virus G protein antigen by an assay system using purified G 
protein incorporated liposomes. The CTL clones were suc- 
cessfully transferred to protect mice infected with rabies virus 
ERA strain. These results suggest that G-specific CTLs are 
involved in defense mechanism in mice. In addition, the com- 
bined effect of anti-rabies antibodies and the CTLs were ob- 
served. 

Suppression of the CTL response was confirmed in mice 
which were intracerebrally (ic) infected with street rabies virus 
(but not with fixed rabies virus strains). This suppressive ac- 
tivity was abrogated by the prior treatment of the cells with 
anti-Lyt-2 antibody and complement. Suppressor T cells gen- 

















erated are supposed to inhibit the differentiation of precursor 
of the CTL in the street rabies virus-infected mice. 

In contrast to slow progressing CPE caused by rabies virus 
at the ordinary temperature (36C). the CPE was ereatly ac- 
celerated when the incubation temperature was clevated to (39 5- 
40C) after an initial incubation at 36 C. The carliest change 
observed in the elevated temperature culture was in lysosomal 
function. The rapid decrease in the uptake of neutral red dye 
molecule into lysosomes of infected cells was due to the in- 
crease in lysosomal pH. It remained unsolved how the pH 
change in the lysosomes of infected cells is related to the 
acceleration of CPE. In addition, most of the viral protein 
became to the resistant to extraction with the Triton (high salt- 
containing buffer) after raising the incubation temperature. in- 
timately associated with cytoskeletal vimentin-containing 
structure. 

cDNA clones for each, except L, viral mRNA of rabies virus 
(HEP strain) were prepared and their nucleotide sequence de- 
termined. As expected for the attenuated HEP strain of rabies 
virus, the amino acid at the position 333 of G protein was 
observations that the amino acid at the position 333 of avirulent 
mutants of ERA and CBS strains was substituted by glutamine. 
while that of their virulent revertants and virulent parent viruses 
was arginine. Cloned cDNAs of N and M2 protein gene of 
CVS strain were also cloned. 

Nucleotide sequencing of rabies virus genome and mRNA’s 
revealed some difference in the structure of G gene between 
the HEP strain and other neurovirulent (ERA and Pasteur) 
strains: although the size of coding region of G-mRNA (1,575 
necleotides long) was the same as that of other strains, total 
length of HEP G cDNA was 2.059 nucleotides long. being 
longer than other strains by about 400 nucleotides. This ad- 
ditional sequence was located at 3°-noncoding region. While 
in HEP virus infected cells, only single type G mRNA (2.2 
kb long) was produced, ERA virus produced two species of G 
mRNA, each in an equal amount (long type, 2.3 kb and a short 
one 1.9 kb long, respectively), maybe by terminating the tran- 
scription at cither of two possible terminating sites of the viral 
genome. They also showed that the short type G mRNA of 
ERA virus lacked the sequence corresponding to the long 3°- 
noncoding region of HEP G mRNA. 

The expression of rabies HEP G protein gene in BHK cell 
was performed by using an eukaryotic expression vector pZIP 
(Neo)SVX(1). Although the distribution of the G protein in 
the G-cDNA-transfected BHK cells was almost the same as in 
the virus-infected cells, their glycosylation pattern was some- 
what different from that of the virus infected cells. G proteins 
produced in the G-gene-transfected cells were much more gly- 
cosylated and sialated. 

Recent studies on the efficacy of rabies vaccine used for 
postexposure vaccination showed that the prophylactic effect 
of rabies vaccine was closely related to its interferon-inducing 
activity in vivo. Two groups of adult mice were inoculated 
with a suckling mouse brain vaccine which induced no de- 
tectable interferon in mice, and half of them were also inoc- 
ulated twice with ten units of interferon. The increase of serum 
anti-rabies IgM and IgG titer was observed earlier in mice 
which received interferon as well as vaccine than in those which 
received vaccine alone. The earlier the time of interferon treat- 


ment was. the more significant enhancing effect on the anti- 
rabies antibody production was observed. These enhancing 
effects were abolished by pretreatment with anti-intericron an- 
tibodies. These results suggest that interferon induced by rabies 
vaccine might play a role in prophylaxrs of rabics by enhancing 
the antibody production in addition to the direct antiviral ac- 
tivity. 

Current Japanese and American tissue culture vaccines are 
produced by propagating rabies virus in chick embryo cell 
(CEC) and in human diploid cell (HDC) cultures. respectively 
Neutralizing antibody responses were compared between vac- 
cinees who received the Japanese commercial rates CEC vac- 
cine and those who received the Amencan commercial rabies 
HDC vaccines by the rapid fluorescent focus inhibition test. 
Despite lower total protein content, persistent neutralizing an- 
tibody titer exceeding 1:40 remained m the vaccinees who 
received that CEC rabies vaccine for about | year after the last 
shot, as well as in those inoculated with HDC vaccine. 

The use of recombinant DNA technology has been applied 
to rabies vaccine development. The rabies virus G-cDNA was 
expressed in yeast cells by using the expression vector system. 
At present the proteins produced are resistant to usual extraction 
procedures. 


SIGNIFICANT ACCOMPLISHMENTS 


Summary of the First Five Years 


Japanese delegates first met with U.S. Viral Panel members 
at the working conference on smallpox held in Honolulu in 
December 1967. Working Conferences on myxovirus infec- 


tions (1968). immunization against Japanese encephalitis (1969). 
and rabies (1970) were held alternately in Tokyo and Wash- 


ington in subsequent years. 
Summary of the Second Five Years 


In 1973, the joint efforts between the U.S. and Japanese 
Panels focused on the three major areas of study: rabies. ar- 
boviral diseases, and dengue hemorrhagic fever. These in- 
cluded epidemiology and ecology. molecular biology. 
pathogenesis, preventive measures including environment con- 
trol and modification of vector competence of mosquitoes. and 
the development of new vaccines. 


Summary of the Third Five Years 


Substantial progress was made in the targeted ares. Appro- 
priate laboratory techniques and diagnostic methods developed 
in the Program were used successfully to expand epidemio- 
logical and ecological studies. Studies on molecular biology 
of the virions were also accelerated. 

The epidemiological profiles of viral gastroenteritis in Japan 
were found to be similar to those in the United States and other 
developed countries. A major scientific breakthrough in in vitro 
cultivation of human rotaviruses was reported at the 1980 work- 
ing conference. The field of rabies research was directed toward 
development of new prophylactic vaccines. Studies of com- 














parative epidermology and ecology and of pathogenesis of ar- 
bovirus infections in the United States, Japan. and other Asian 
countnes made i possible to better understand the diseases and 
to develop measures for their prevention and control. Spread 
of Hantaan virus. the chiologic agent of hemorrhagic fever with 
renal syndrome (HFRS), and its related viruses in many coun- 
tnes was made clear by the international collaboration between 
researchers in the United States, Korea. and Japan. 

The Program guidelines are closely related to the important 
health problems in Asian countries. For this reason, the Panc! 
has encouraged scientists of these Countries to participate in 
the working conferences. 


Summary of the Fourth Five Years 


A variety of research was conducted in the field of arbov- 
iruses, making considerable progress im the understanding of 
anese encephalitis (JE) epidemics in Nagasaki were demon- 
strated to be correlated with weather factors in summer, which 
were related to vector mosquito populations and virus multi- 
plication in the vector. Diagnostic procedures such as biotin- 
avidin ELISA or IgM capture ELISA were shown to be useful 
for antibody detection and differential diagnosis between JE 
and dengue. In JE-virus infected mice, protectivity was noted 
with B cells but scarce with T cells. Immune B cells seemed 
to play an important role in cellular immunity with the coop- 
eration of specific antibodies in JE virus infection. Attempts 
were made to determine the structure of the JE virus genome. 
Clones over 7 kilobases which occupied more than half of the 
genome were obtained and sequenced. 

The spread of rabies virus in the brain was studied in patients 
who died of rabies. Viral budding processes were found at the 
neuronal synapses. The essential role of cell-mediated im- 
munity in the treatment with post-exposure vaccination was 
demonstrated in mice and in cell culture systems. In HEP rabies 
virus infected BHK cells, temperature increase induced diverse 
molecular changes such as the termination of genomic RNA 
synthesis and marked increase of viral MRNA synthesis without 
increase of viral protein synthesis. Biochemical analysis of 
rabies virus proteins revealed that p40 was modified, re-phos- 
phorylated M1 protein and detected only in the mature virion. 

A major advance in the field of viral gastroenteritis was a 
success in in vitro cultivation of human rotavirus (HRV), which 
allowed almost routine isolation of HRV. The successful prop- 
agation of HRV facilitated their serotype classification ac- 
cording to neutralization specificities (serotypes 1-4). As a 
potential live vaccine candidate, HRY strains were 
developed. Besides HRV, enteric adenovirus (serotypes 40 and 
41). calicivirus, astrovirus, and Otofuk agent were detected as 
Causative agents of acute gastroenteritis. 

Hemorrhagic fever with renal syndrome (HFRS) agents, 
*“Hantaan virus,”’ were classified as the Bunyaviridae. Anti- 
body prevalence among wild rodents was found worldwide. 
Much of this progress could be attributed to the close collab- 
oration between U.S. and Japanese scientists established 
throughout the Program. Several types of Hantaan-related vi- 
ruses were isolated in Japan. 
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MAJOR ACHIEVEMENTS 


Development of New Rabies Vaccine 


A new type of chick-cmbryo cell-killed raves vaccine was 
developed and tested for pre-cxposure and post-cxposure cf- 
ficacy. 

In order to obtain rabies vaccine free of bra maternal, the 
high-cgg-passage (HEP)-Ficury strain of fixed rabies virus, 
cultured in chick embryo (CE) cells. (CEF stra) was adapted 
to CE cells maintained im scrum free medium. Rabies vaccine 
for human use was made with the CEF virus. mactivated by 
beta-proprolactone . 

Five guinea pigs received two doses of one mi cach. weekly. 
of either CEC vaccine or Semple type. SMB vaccine mitra- 
vaccine. 

In human inoculation tests, seven volunteers were vaccinated 
subcutancously with one mi of the unconcentrated TC vaccine 
and im a week received the same dose. Clinical observation 
revealed no general reactions but very weak local reactions. 

The NT antibody response is not available but HI titers were 
1:40 in two persons, 1:80 in one, 1-320 in three, and 1:640 in 
one at 2 weeks after the first vaccination. 

A second study demonstrated the antibody response in vol- 

treatment for rabies in humans and primates. 

The volunteers received 2 mi of CEC vaccine subcutancously 
five times every other day. Good antibody formation (ncu- 
tralizing antibody) developed im scrum specimens. The only 
side reaction was noted at injection sites about 7 days after the 
first vaccination. 

Five other volunteers evaluated in Bangkok, Thailand, were 
bitten by dogs known to have rabies, or strongly suspected of 
it. They received post-cxposure treatment with CEC vaccine. 
Vaccinees produced high level of antibody (neutralizing anti- 
body) and none showed signs of rabies up to 3 months. 

Trials of pre- and post-cxposure treatment of raties infection 
with CEC vaccine continue and are being expanded carefully 
in Japan and Thailand. 


Establishment of Aedes albopictus, Clone C6/%6, 
Cell Line and Its Application to Arbovirus 
Studies 


Arboviruses are maintained in nature primarily by biological 
transmission between susceptible vertebrates by hematopha- 
gous arthropods, such as mosquitoes and ticks. They include 
many human pathogens, especially flaviviruses such as yellow 
fever (YF). Japanese encephalitis (JE), and dengue viruses. In 
contrast to vertebrate cell cultures. arthropod cell cultures were 
infrequently used in animal virology. Epidermologic and lab- 
oratory evaluation of dengue viruses faced the difficulty of in 
vitro virus growth in suitable host cells. 

In order to overcome this difficulty, a clone C6/% cell line 
was obtained from Singh's Ae albopictus cell culture. It was 
established from a mixture of about 100 larvae, using Mitsu- 
lysate and yeast extract of unknown Composition supplemented 
with 20% fetal calf serum (PCS). The cell line was first adapted 
to Eagle's medium containing a known composition of nu- 














tnents supplemented wath 10°% FCS and 0.2 mM cach of non- 
essential amino acids. The cell line was then cloned im the 
presence of anti-chikungun~a and anti-dengue scrum. in order 
to remove possible contamunaton of the cell line by these 
viruses. The virus yields from cach clone were monitored. The 
finally established clone. C6/36. possessed uniform suscepti- 
bility and produced supported higher virus yickds compared 
wath the uncloned cell line of mixed populanon. 
Comparative sensitivity tests of the clone C636 wath clas- 
sical mouse-brain inoculation used to isolate JE virus from 
fieid-collected Culex trtacmorhyachus and human specimens 
were performed im Japan. These showed similar or better sen- 
sitivity of the C6/36 cell linc. useful for isolation of several 
unknown possible msect viruses of mosquitoes and mutants or 
variants of JE and Getah viruses, not ordinarily detected by 
the classical method. Virus isolations by the C636 cell line 
was performed in Southeast Asia. Dengue viruses were solated 
not only from severe dengue hemorrhagic fever patients but 
also from persons with mild fever of unknown ongin (FUO) 
as well as cases with encephalitis and meningitis. The results 


suggested that FUO cases could act as amplifiers of dengue 
viruses and that some cases with ncurological manifestations 


were caused by dengue viruses. so-called dengue encephalop- 
athy 


In laboratory studies. the C636 cell linc was grown in mass- 
cultures in suspension im order to obtain sufficient amounts of 
purified JE and dengue viruses useful for further analyses. 
Molecular and epdermologs studies of JE virus rsolates showed 
that Japanese strains were generally similar but significantly 
different from those in Southeast Asia. This indicated that virus 
mutation and sclection had proceeded independently m geo- 
graphically distant areas. Molecular cloning and sequencing 
studies of JE and type 3 dengue virus genome RNAs clarified 
genome ization to other flaviviruses, such as YF and West 
Nile viruses. This new data and cDNA clones have been helpful 
in developing recombinant vaccines, and better clarification of 
the biological characteristics of these viruses at a molecular 
level. 


Propagation of Human Rotavirus in Cell 
Culture 


A major contribution of Japanese rotavirologists was estab- 
lishment of a cultivation system of human rotavirus (HRV). 
HRV strains were successfully propagated from fecal speci- 
mens in cell culture using a combination of techmques. These 
included roller cultures of MA104 cells. pretreatment of spec- 
imens with trypsin, and addition of low levels of trypsin to the 
maintenance medium. Subsequently. a number of HRV stramns 
were propagated using similar rncthods. It was found that pri- 
mary cynomolgus monkey kidney cells were more sensitive 
than MA104 cells. 

In other studies, fecal specimens were obtained from patients 
with whitish, watery diarrhea. vomiting and sight fever, which 
were shown by / t© contain rotavirus par- 
ticles. Cultures of MA104 cells were then prepared in 110 X 
10 mm tubes. A 20% fecal suspension in PBS was centrifuged 
and the supernatant fluid was treated with 10 ug ml trypsin 
(Sigma) at 37°C for 30 minutes. Serial dilutions of the treated 
material were inoculated in 0.1 mi volumes into cultures of 


MAIO4 cells. After incubation at 37°C for 60 minutes the 
cultures were washed three times. supplemented wath 0.5 mi 
of the maintenance modiwm contaimmng 1.0 ug/ml irypun and 
incubated in a rolled drum at 37°C. Further passages were 
made at intervals of 3 days. The culture fluids for passage was 
treated with 10 ug/ml trypsin. 

Cytopathic effect was not observed m any of the primary 
cultures. On the scoond passage. cytopathic effect was ob- 
served, and durmmg the third passage & was obvious, the m- 
fectious titer of the fluid phase was 10 **TCID 500.1 mi 
Immunofluorescence was positive up to a 10-* dilunon. 

The strains isolated were designated as “Hoch. “lo”. 
and **Toi’. Results of neutralization tests mdicate that the new 
isolates are closely antigenically related with strain Wa. 


FUTURE GOALS 


Gastroenteritis 

Rotavirus ts a major cause of severe diarrhea im infants and 
young children. and sts high mortidity and mortality im the 
developing world warrant active investigations aimed at de- 
velopment of vaccines. Further studies are needed on molecular 
characteristics, pathogenesis, and immunology of human ro- 
tavirus. In addition to group A rotavirus. atypical rotaviruses 
with other group specificities have been thoroughly imvesti- 
gated in regard to their incidence. epidemm'ogy. and viral 
characteristics. Additional work on characteriza.‘on of small. 
round viruses. including Norwalk agent. and th-., ctiological 
significance ts also needed. Further unders*anding of the epi- 
demology of viral gastroenteritis in the developing world ts 
required in terms of the diversity of etiology and their relevant 
serologic responses. The development of effective preventive 
and control measures for the illness 1s a long term goal 


Arboviruses 


Since the U_S.-Japan Cooperative Medical Science Program 
was started to control major diseases im Asia, especially im 
Southeast Asia. future studies in the field of arboviruses should 
be directed toward diagnosis, control, . and treat- 
ment of Japanese encephalitis JE) and dengue hemorrhagic 
fever (DHF). The first generation JE vaccines have been de- 
veloped and successfully used to control JE m Japan and the 
Republic of Korea. The amount of available vaccine is still 
not cnough and cost is still high for mass-immunization m 
several other countries and dengue vaccines are still under 
development. Since genetic structures of these viruses have 
already been clarified. the results should be applied to develop 
the second generation JE and dengue vaccines. This work has 
already been started by the expression of their protective ep- 
itopes by recombinant DNA technologies, however. further 
studies will be required for thei practical application. The 
expressed gene products will be used as reagents in specific 
and sensitive immunological tests, and CDNA probes and mon- 
oclonal antibodies will be applied to the rapid diagnosis and 
epidemiological surveillance. This information will be prac. 
tically important for the proper treatment and control programs 
Molecular studies on the rephcation and virulence of thes 


ug 








viruses will provade useful mformaton for the development of 
antiviral reagents and genetically engineered live attenuated 


vaccmes 


Hemorrhagic Fever With Renal Syndrome 
(HFRS) 


Main research on HFRS im Japan will be directed to both 
ccology of hantaverus and HFRS vaccine development 
Field surveys of hantavirus infection among urban rats in 


the endemac arcas must be contunucd further to clucedate the 
natural tramsmrssson of the virus. Laboratory cxupenments using 
bloodsuckung garmad mutes are desegnated to determune whether 
hantavirus ts transmutied by the mutes. of not. The mechanism 
of persistent unfecton m the presence of antibody in ve would 
provide more bassc information on the rolcs of both humoral 
and cellular wmmunsty. The comparative molecular genetics 
among hantaviruscs would give more exact results on the anal- 
ysis of virulence. the determmming of cvolunonal background 
and the development of a recombinant vaccine 
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Title 


Studies on neutralizing determinants of the envelope 
glycoprotem hantavirus 


Studies on ummunological responses of rhesus rotavirus 
vaccine MMU -18006 


Effects of glycoprotems and lectins on hemagglutination and 
infechon of human rotavirus 


Studies on entry of human rotavirus into cells 


Surveys of hantavirus infection among urban rats in Japan 


Japanese encephalitis and dengue hemorrhagic fever im 
Vietnam 


Serotype analysis of endemic prevalence of group A human 
rotavirus 


Experimental rabies in the rat 


Genome structure of rabies viruses 


Effect of temperature up-shift on rabies virus infection m 
culture 


Serological characteristics of a unique human rotavirus strain 
AU-I 


Studies on unusual human rotavirus strams 
Anti-idiotypic antibodies of human rotavirus VP3 antigen 
Comparative pathology of hemorrhagic fever with renal 


syndrome in human and animals 


Nucleotide sequence of rabies virus cDNA for the N and M 
proteins 


Studies on cold adapted human rotavirus 














Kumato Mifunc 
Medical College of Ona 


Kenpro Mormoto 
Kyoto Unrversity 


Osamu Nakagom 


Akata University 


Akira Oya 

National Institute of Health 
Hideo Sumryosh 

Tokyo Institute of Medical Science 
Ikuo Takashima 

Hokkaido University 
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Kanazawa Medical College 
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Nagasaki University 
Koki Tamguchi 

Sapporo Medical College 
Shozo Urasawa 

Sapporo Medical College 


Koichi Y amanish 
Osaka University 


Shuzo Yamazaki 
National Institute of Health Tokyo 


Kotaro Yasui 
Tokyo Metropolitan Institute for Neuroscience 





Immunopathology of ratecs infection 


Biochemucal and immunological studies on the Gs protem of 
ratecs virus 


Molecular characteruaton of human rotavirus strams 


Evaluation of immunization of pigs for the control of 


Japanese encephalstrs epsdemic 


Nuclootide sequences of dengue virus type 3 and Japanese 
encephalitis virus 


Japanese encephalitis m Hokkasdo 
Expression of RNA polymerase NSS of Japanese 
encephalas virus m E. coli 


Molecular analysis of an attenuated ML-17 and ats parental 
Ja OHOS6 strains of Japanese encephalites virus 


Nucleotide sequence of VP3 gene of a human rotavirus 
strain KS 


Survey of human rotavirus scrotypes m Japan 


Analysis of neutralizing antigen of human rotavirus using 
monacional antibodies 


Immunity and pathogenesis of hantavirus m mace 


Serodiagnosis of small round structured virus (SRSV) 
infection prevalent im Japan 


Sequence and epitope analysis of Japanese encephalitis virus 
glycoprotem E 
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Joint Scientific Conferences 


VIRAL DISEASES PANELS 


Date: October 28-30, 1985 


Place: Bethesda and Frederick, Maryland 

Summary: The scientific sessions on dengue and other ar- 
boviral diseases, hemorrhagic fever with renal syndrome and 
viral gastroenteritis were held at the 19th Joint Panel Meeting 
on Viral Diseases at the National Institutes of Health in Be- 
thesda during the first 2 days of the Joint Meeting. The final 
session on rabies was held at the United States Army Medical 
Research Institute for Infectious Diseases, Fort Detrick. Fred- 
erick, Maryland and was combined with a tour of the research 
laboratories at this facility. Scientific highlights of this meeting 
included reports of: the cloning of the genomic segments of 
human rotaviruses using baculovirus vectors and insect cells: 
the immunogenicity of bovine rotavirus vaccine WC-3 in hu- 
mans; and evidence that human protection against rotaviruses 
is serotype specific. Also, reports of the first immunogenicity 
field trials with rhesus rotavirus vaccine revealed good serol- 
Ogic responses against serotypes 2 and 3 when the dose was 
10,000 plaque-forming-units. Continuous cell lines of human 
monocytes were reported to provide a marker for the virulence 
of dengue viruses for humans. The complete nucleotide se- 
quence of the reading frame for the 17D strain of yellow fever 
virus was determined and revealed that it contains all of the 
known yellow fever proteins. Amino acid sequences of all 
yellow fever structural proteins were deduced from these nu- 
cleotide sequences. Cloning of the full length of the dengue 
virus type 4 cDNA was reported and RNA sequences were 
determined to reveal several similarities to other flaviviruses., 
especially for the nonstructural protein NS-1 which has been 
reported to be an important immunogen for protection against 
lethal flavivirus infections. Clones of cDNA for dengue type 
2 are being used for molecular epidemiolozy. Cloning and 
sequencing of the genome of Japanese encephalitis virus was 
reported and revealed that, like other arboviruses, the genome 
is not polycistronic. The construction of a vaccinia virus mod- 
ified genetically to contain the gene for the envelope glyco- 
protein of rabies virus was described. This modified vaccinia 
virus construct successfully immunized raccoons, foxes, and 
skunks against challenge with street rabies virus. 


Date: November 18-20, 1986 


Place: Nagasaki, Japan 


Summary: The 20th Joint Meeting of the Viral Diseases Pan- 


els was held at the School of Tropical Diseases, Nagasaki 
University in the beautiful and historic city of Nagasaki. Sci- 
entific reports included several stimulating papers on the ccol- 
ogy and epidemiology of Japanese encephalitis virus. Information 


on the field trials for a JE vaccine (partially purified killed 


virus) in Southeast Asia was also presented. Progress on live, 
attenuated. dengue virus vaccines was reported. Several papers 
on nucleotide sequencing of genomes of arboviruses were pre- 
sented. The coding strategy and nucleotide sequence of seg- 
ments of the Hantaan virus (HFRS) were reported. New 
information on scroepidemio‘ogy of rotaviruses using more 
defined antigenic reagents was presented. The use of mono- 
clonal antibodies has enhanced rotavirus serology and identi- 
fication. Several papers on rabies virus research were presented 
including an update on oral vaccination studies to control rabies 
in wildlife and the mapping of functional sites on rabies pro- 
teins. An important finding of clinical tnals of rotavirus vac- 
cines indicated that the live virus rhesus rotavirus vaccine when 
administered to infants in a nursery does not spread to unvac- 
cinated children. Reassortant rotavirus vaccines for human ser- 
otypes type | and 2 have been constructed and are studied as 
potential candidate vaccines for humans. Studies on the de- 
velopment of subunit rotavirus vaccines using rDNA technol- 
ogy have been initiated. 


Date: December 2-4, 1987 
Place: Monterey, California 
Summary: The 21st Meeting of the Viral Diseases Panels was 


convened in a combined meeting and symposium with the 
Immunology Boards at this renowned resort city. The first day 
of the meeting was a joint symposium with the immunologists 
with several distinguished presentations including lectures on 
catalytic antibodies, some current approaches to viral vaccines, 
transactivating proteins in host cells, immune recognition of 
rabies virus proteins by T cell clones and the effects of adoptive 
transfer by these T cells, the antigen binding site and T cell 
recognition region of Class I histocompatibility antigens, ge- 
netic control of nonresponsiveness to hepatitis B surface an- 
tigens, viral gastroenteritis, and immunity and pathogenesis of 
Hantavirus in mice. Ample opportunities for scientist to sci- 
entist exchanges and a tour of the Hopkins Marine Station 
Laboratories were provided. During the remaining 2 days, the 
Viral Diseases Panels and the Immunology Boards conducted 
separate scientific sessions in adjoining meeting rooms so that 
participants could attend easily one session or the other. At the 
Viral Diseases session an outstanding example of the power 
of molecular virology was demonstrated by the report that 
Western equine arbovirus was a natural recombinant of two 
other arboviruses, Sindbis and Eastern equine encephalitis vi- 
ruses. This finding was deduced from nucleotide sequences of 
the three viruses. Several other papers on the molecular biol- 
ogy. pathogenesis and epidemiology of arboviruses were pre- 
sented including the complete nucleotide sequences of dengue 
type 3 virus and the enhancement of dengue infection of human 
monocytes by gamma interferon. New epidemiologic infor- 





mation on hemorrhagic fever with renal syndrome were re- 
ported and included preliminary results of mbavirin trials in 
China. Ribavirin therapy has a beneficial effect when admin- 
istered within 24 hours of first clinical symptoms. Several 
presentations on rabies included immune responses to a chick 
embryo rabies vaccine and the human diploid rabies vaccine 
and the role of internal antigens in the stimulation of protective 
responses to rabies antigens. Reports on viral gastroenteritis 
revealed the remarkable utility of the ELISA with monoclonal 
antibodies for serotyping human rotaviruses in stool specimens. 
The latter development promises to accelerate vaccine research. 
Dr. Frederick Murphy chaired the U.S. Viral Diseases Panel 
replacing Dr. Thomas Yuill who rotated off. 


Date: July 18-20, 1988 


Place: Tokyo, Japan 

Summary: The 22d Joint Meeting of the Viral Diseases Panels 
took place at the excellent facilities of the Foundation for the 
Promotion for Cancer Research. The fourth review of the panel 
program was initiated at this meeting and, therefore, was sched- 
uled to immediately precede the meeting of the Jot Committee 
in Tokyo. An excellent scientific program was presented on 
the epidemiology, molecular biology. immunology and patho- 
genesis of Japanese encephalitis virus and dengue viruses. A 
special lecture on HTLV-1-associated myelopathy was pre- 
sented by Dr. M. Osame. New information was reported on 
the epidemiology. possible transmission by mites, and im- 
munology of hantavirus infections. And stimulating new results 
of sero- and molecular epidemiology of rotavirus infections 
were reported, again emphasizing the advancements made pos- 
sible by the new biotechnologies. An update on the progress 
of the rhesus rotavirus vaccines and a report of calicivirus 
associated diarrheal disease were also presented. Other papers 


on the biology. molecular structure and genctic mapping of 
rotaviruses were reported. 


Date: August 21-23, 1989 


Annapolis, Maryland 


Summary: The 23d meeting of the Joint Viral Diseases Panels 
was convened in the legislative buildings of this state capital 
and resort city. The Japanese Panel was chaired by Dr. Tasuke 
Konno, replacing Dr. Akira Oya who was promoted to the 
Japanese Delegation and Joint Committee. Drs. Joe! Dalrymple 
and Shudo Yamazaki were introduced as new members of the 
US and Japanese Panels, respectively. The scientific program 

arboviral diseases, viral gastroenteritis, hemor- 
thagic fever with renal syndrome (HFRS). and rabies. The 
arbovirus session was highlighted by the report of the con- 
struction of infectious RNA transcripts from cDNA clones of 
yellow fever virus 17D strain. Also, significant new infor- 
mation on the protective epitopes of Japanese encephalitis virus 
was presented. The results of clinical trials for a new live 
chikungunya virus vaccine were described. Reports of recent 
epidemics of yellow fever and Lassa fever in Africa were 
presented. Presentation of viral gastroenteritis included epi- 
demiology studies of rotavirus infections in Bangladesh and 
the United States, a computerized three dimensional structure 
of rotaviruses, new strains of rotaviruses, vaccine development 
and serodiagnosis of small round structured virus similar tc 
the Norwalklike agents of human diarrheas. Rabies virus re- 
ports included presentations of cDNA cloning sequences of 
viral protein genes, viral replication and assembly. cellular 
immune responses, and potential adenovirus vectors for vac- 


cine development. 


Place: 
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U.S.-Japan Cooperative Medical Science Program 


History of Program Activities 


Program Activity 


Mecting of Prime Minister 
Sato and President Johnson 


Jott Planning Committee Mecting 


First Join Committee 


Mecting and Panels’ Conference 


Subcommittee on Program 
Review and Planning 


Environmental Symposium 
Environmental Panel 
Second Five-Year Report 
Binational Symposium 
Hepatitis Symposium 
Hepatitis Panel 


Third Five-Year Report 
1975~—1980 


Immunology Symposium 
Immunology Board 
Parasitic Diseases Symposium 


Fourth Five-Year Report 
1980-1985 


Malnutrition Symposium 
AIDS Symposium 
AIDS Panel 


Fifth Five-Year Report 
19851990 


Initiated 


January 12-13, 1965 
Washington, D.C 


April 19-21. 1965 
Tokyo 


October 4—7. 1965 
Honolulu 


1970 
Tokyo 


Tokyo 
1972 
1974 
Tokyo 
Tokyo 
1979 


1979 


Tokyo 
198] 
Bethesda 


1984 


Bethesda 
Washington, D.C 
1987 


1989 


Completed 


197? 


1980 


1980 


1983 


1985 








History of Panel Reviews 


1971-1990 

Panel Board Reviews” Initiated Completed ; 
Leprosy and Parasitx 1971 1972 
Cholera and Tuberculosts 1972 1973 
Malnutrition and Viral 1973 1974 
Leprosy and Tuberculosis 1976 1977 
Viral and Parasitx 1977 1978 
Environmental 1978 1979 
Cholera and Malnutrition 1979 1980 
Viral and Tuberculosis 1982 1983 
Hepatitis and Environmental 19s4 1985 
Malnutrition 19RS 1986 
Cholera and Immunology 1986 1987 
Leprosy and Tuberculosis 1987 | ORS 
Parasitic and Viral | YRS 1989 
Hepatitis and Environmental 1990 


‘Formal reviews metiated with the formation of the Subcomme§»tce on Program Revicw and Planning im 1970 
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